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1 Introduction

Background

Smokes and obsecurants and riot-control agents constitute a diverse group of
chemical compounds that are released into the environment during military
training exercises. There is concern that the use of these compounds may have
adverse effects on threatened and endangered (T&E) species that reside on military
reservations. To evaluate if smokes and obscurants or riot-control agents present
a hazard to T&E species, the appropriate data must be collected. These data must
be adequate to evaluate both direct ecological effects (effects to T&E species that
result from direct exposure to smokes or smoke residues) and indirect ecological
effects (effects on T&E species that result from effects of smokes and obscurants on
habitats of T&E species or on species on which T&E species depend).

Objectives
The objectives of this report are to:

1. identify the types of data that are needed to evaluate risks that smokes and
obscurants present to T&E species

2. present an approach for the selection of appropriate sampling methods

summarize available and appropriate methods

4. outline how data generated by these methods should be used to evaluate if
smokes and obscurants actually present a risk to T&E species.

2

Approach

T&E species that may occur on military reservations include birds, mammals,
reptiles, amphibians, aquatic and terrestrial invertebrates, fish, and plants. Data
collection methods discussed in this report were derived from the literature and
represent a range of those methods that may be used for specific groups of species
or habitats. When preparing to collect data to perform a risk assessment for a
particular T&E species, the actual methods used will depend on the life history
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characteristics of that species and the characteristics of the area and habitats in
which risks are being assessed. To ensure the appropriate data for risk assessment
are collected and the most appropriate methods for the T&E species of interest are
used, both persons knowledgeable about the T&E species of interest and those with
experience in ecological risk assessment should be involved with or consulted during
the development and implementation of any ecological risk assessment sampling
plan for T&E species.

Mode of Technology Transfer

Information derived from this study will be reported to the Strategic Environmental
Research and Development Program (SERDP) advisory group. This information
will be incorporated into development of a risk assessment framework for natural
resources on military lands. This report will be distributed to major military
commands and to installations where smokes and obscurants (or riot-control agents)
are used and endangered, threatened, or candidate species are known to oceur or
may be present. This information will assist assessment of potential impacts of
smokes, obscurants, and riot-control agents on T&E species at military installa-
tions.
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2 Ecological Risk Assessment

Ecological risk assessment (ERA) is a process that evaluates the likelihood and
magnitude of adverse ecological effects that may 0CcCur or are occurring as a result
of exposure to one or more stressors (EPA 1992a). For there to be an ecological risk,
four elements must be present: a source of contamination (e.g., smokes and
obscurants), a migration pathway for the contaminant to get from the source to the
receptor (e.g., air, water, soil, and food), a receptor (e.g., T&E plants and animals),
and an exposure route (e.g., ingestion, inhalation, and dermal contact). If any one
of these components is not present, there is no ecological risk. Both chemical
contaminants and nonchemical stressors such as habitat modification are evaluated
in an BRA,

All ecological risk assessments should follow the standard paradigm outlined in the
Framework for Ecological Risk Assessment (EPA 19923). Under this paradigm, an
ERA consists of four components: problem formulation, exposure assessment, effects
assessment, and risk characterization. 1

In the problem formulation phase of an ERA, the goals, breadth, and focus of the
assessment are established. To do this, the abiotic and biotic segments of the
contaminated environment are described, the spatial extent of the problem is
defined, chemicals responsible for the contamination are identified, endpoints
appropriate to evaluate ecological effects of contamination are selected, and
conceptual models are developed that describe pathways by which the contaminants
move through the abiotic and biotic environment, expose plants and animals, and
induce effects.

In the exposure assessment, the transport and transformation of contaminants and
their contact with endpoint species are evaluated. Pathways by which plants and
animals are exposed to contaminants are identified and guantified.

The purpose of the effects assessment is to qualitatively and quantitatively assess
the relationship between contaminant exposure and effects on plants, animals, and
ecosystems. Potential effects may be either direct or indirect. Effects of contami-
nants on plants and animals are evaluated using a combination of biologieal survey
data, conventional toxicity data, and ambient media toxicity test data.
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The final step in performing an ERA is risk characterization. In this phase, data
from the exposure and effects assessments are combined to characterize the risks
to assessment endpoints. In addition, assumptions, results, strengths, and
weaknesses of analyses and associated uncertainties are summarized and
explained. Risk characterization combines information concerning exposure to
contaminants with information concerning effects of contaminanis to estimate risks.
Risk characterization for ERAs is performed by weight of evidence (EPA 1992a).
That is, rather than simply modeling risks, ecological risk assessors examine all
available data from chemical analyses, toxicity tests, biological surveys, and
bioindicators to estimate the likelihood that significant effects are occurring or will
occur and to describe the nature, magnitude, and extent of effects on the designated
assessment endpoints. Chapter 9 describes an approach for estimating risks based
on individual lines of evidence combined through a process of weighing.

A tiered or phased approach for ERA is recommended as suggested by other authors
(Suter 1993; Wentsel et al. 1994). Wentsel et al. discuss a three-tiered approach
that provides procedural guidelines for ERAs at contaminated Army sites targeted
for cleanup. These phases would be relevant for other ERAs as well.

The purpose of a tiered approach is so the necessary work may be domne to
characterize the risk to an ecological system with an acceptable degree of
uncertainty. Each tier includes phases for problem formulation, analysis, and risk
characterization. Data collected in the analysis phase of each tier are evaluated,
and a decision is made concerning the potential for risk to oceur; then a decision is
made whether to test at a higher tier. Each tier is more extensive and complex than
the preceding one, requires more manpower, and is more costly. The assessment
should not proceed if no risk is apparent or if the risk is sufficiently great that
action is warranted immediately.

Tier 1 involves a literature study primarily, but alse includes historical site
information, existing field data, literature and output from fate and effects models,
and previous field surveys of T&E or other relevant species. Measurement
endpoints rely on available data with conservative assumptions that infer protection
for assessment endpoints. These data may be used to develop preliminary hazard
indices or risk quotients.

Tier 2 addresses site-specific issues, limiting reliance on values from literature,
This may include more models, laboratory tests, or limited field studies to address
data gaps in exposure or ecological effects, and use more sophisticated analyses to
develop more rigorous hazard indices. Measurement endpoints should be more
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complex, based on specific laboratory or filed studies that address data gaps
identified in Tier 1.

Tier 3 involves increased complexity, combining site-specific field observations with
laboratory and field data to refine exposure and ecological effects characterization.
Studies may include population- and ecosystemn-level complexity and continue over
a longer term. Uncertainty associated with measurement endpoints is reduced.

Each tier incorporates the same steps of evaluation but with increasing specificity.
Measurement endpoints will change with each tier, but the assessment endpoints
apply to each tier.

It should be noted that, while ERA for T&E and non-T&E species are essentially
identical, the level of biological organization that is sought to be protected differs
dramatically between the two assessments. Risk assessments for T&E species are
a more conservative subset of those performed for non-T&E species. For non-T&E
species, the purpose of the risk assessment is to protect populations. A level of
effect is identified at the outset of the assessment (e.g., a 5, 10, or 20 percent
reduction in abundance or reproduction of the endpoint species) that is taken to be
representative of an adverse effect on the population of the endpoint species. The
focus of all subsequent data collection is to determine if the population is affected
by the contaminant or other stressor.

T&E species, by definition, have limited populations. Because of their limited
population size, the loss of any individual could have a serious adverse impact on
the continued survival of the population and possibly of the entire species.
Therefore, an ERA for T&E species focuses on adverse effects on the individual.
Any adverse effect that could affect survival or reproduction that is identified for an
individual may be a serious concern.
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3 Data Needs for Ecological Risk
Assessment

Ecological risk assessment uses both field and laboratory studies to quantify the
nature and magnitude of effects. As in human health risk assessment, ERA for
T&E species is limited by legal and ethical considerations that preclude investiga-
tions that could result in mortality or other adverse impacts to T&E species.
However, surrogate species ecologically or taxonomically similar to the T&E species
of interest may be used to approximate effects expected on the T&E species.

Effects of smokes and obscurants on T&E plants and animals may be evaluated
using a combination of literature-based toxicity data, biological survey data, and
ambient media toxicity test data. These data serve to qualitatively and quantita-
tively assess the relationship between contaminant exposure and direct or indirect
effects. Direct effects are lethal and sublethal effects to an individual organism
resulting from exposure to a contaminant. Examples of direct effects include mor-
tality, reproductive failure, and reduced growth. Indirect effects are contaminant-
induced changes in a species' environment, including altered food availahbility,
interspecies interaction (e.g., competition and predation), and habitat quality and
quantity, The primary use of literature-based toxicity data and ambient media
toxicity Lests is to evaluate direct effects to the endpoint species. These data may
also be used to evaluate effects to prey species that may result in an indirect effect
on the endpoint species. In contrast, biological survey data may be used to evaluate
both direct and indirect effects.

Literature-based Toxicity Data

Literature-based toxicity data are results of toxicity tests conducted in the
laboratory on individual chemicals. These data are published as values in the
literature or databases and include measures of acutely lethal toxicity and chronic
lethal and nonlethal toxic effects on individual organisms. These data may then be
used to derive toxicological benchmarks that represent levels of contaminants
believed to have no adverse effects on endpoint species. Methods for the develop-
ment of benchmarks and benchmark values for selected contaminants are available
for aguatic biota (Suter and Mabrey 1984), sediment-associated biota (Hull and
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Suter 1994), wildlife (Opresko et al. 1994), plants (Will and Suter 1994a), and soil
invertebrates and soil processes (Will and Suter 1994h).

In practice, literature-based toxicity data are compared with estimates of
contaminant exposure for endpoint species, If exposure exceeds the toxicity value,
a hazard may exist. To evaluate exposure of T&E species to smokes and obscu-
rants, data must be ohtained on the spatial distribution and magnitude of residues
in media to which T&E species may be exposed. Because aguatie, sediment, and
soil associated biota are exposed primarily through one medium, the residue
concentrations in water, sediment, and soil may be used as simple exposure
estimates for these species.

Exposure estimation for birds, mammals, reptiles, and amphibians is more
complicated because these taxa may be exposed through multiple routes: orally (i.e.,
food, water, and soil ingestion), dermally (absorption through skin), and through
inhalation (an obvious concern for smokes and obscurants). Generalized models to
estimate oral contaminant exposure for wildlife are presented by Sample and Suter
(1994). Methods for estimating dermal and inhalation exposure by wildlife are
poorly defined; however, a general discussion may be found in EPA (1993a).

A significant limitation to the use of literature-hased toxicity data to evaluate risks
from smokes and obscurants is the limited availability of published toxicity data.
Although exposure estimates may be generated for any T&E species, the estimates
are of little value if no toxicity values exist with which to compare,

Biological Survey Data

Biological survey data consist of counts of the abundance, diversity, distribution,
and condition of plants, animals, or their habitats. These data provide a measure
of the health, abundance, and distribution of T&E species, surrogate species, and
prey species. Survey data may also be used to evaluate the availability, quality, and
distribution of habitat for T&E species. Biological survey data provide a reality
check on the other lines of evidence. For example, if media toxicity tests or
literature-based toxieity values suggest that toxic effects should be oceurring, but
biclogical survey data show healthy organisms and abundant populations in smoke-
exposed areas, validity of the other two lines of evidence should be reevaluated.

Biological survey data are critical in the evaluation of risks to T&E species.,
Surveys may be used to determine if exposure will occur. For example, areas
containing populations of T&E species or their eritical habitat can be identified and
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compared with areas where smokes and obscurants are used. If these areas do not
overlap and are mutually exclusive, exposure of T&E species to smoke residues is
unlikely; therefore, risks to T&E species are unlikely. In areas where exposure does
oceur, biological surveys may be used to estimate effects. In addition, biologieal
surveys may be used to measure the magnitude of exposure by comparing how
frequently smokes are used in a given area to the amount of use the area receives
from T&E species.

The high degree of natural variation inherent to all biological field data makes it
extremely important to concurrently collect data from one to several uncontami-
nated reference locations when collecting biological survey data for risk assessment
purposes. By comparing the data from the reference location(s) with that from the
impacted site, effects attributable to smoke and obscurant exposure may be dif-
ferentiated from population fluctuations or habitat alterations that result from
other causes. Selection of multiple reference sites as comparable to the impacted
site as possible is highly recommended. If only a single reference site is used,
observed differences may indicate site differences and be wholly unrelated to smoke
exposure. Use of multiple reference sites greatly reduces the effect of site
differences in the risk assessment.

Although differences observed between the contaminated site and uneontaminated
reference sites may show the presence and nature of an effect, they do not indicate
the cause and source of the effect. Additional data on the toxicity and biological
effects of contaminants found at the site are needed. These data are obtained
through the use of media toxicity tests and literature-based toxicity data.

Media Toxicity Data

Media toxicity tests are performed by placing test plants or animals in media (soil.
sediment, or water) collected from the contaminated site and observing their
survival or other responses. The primary strength of these tests is that they are site
specific, providing an indication of the toxicity and bioavailability of the combina-
tion of contaminants found at a particular site. These tests also provide the real-
world link between biological surveys and literature-based toxicity data. For
example, if the biological survey data suggests a contaminant effect but comparison
of contaminant concentrations at the site with literature-based toxicity data
indicates that effects are unlikely, media toxicity tests may serve to confirm or
refute whether contamination is a likely cause of the observed biological differences.
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Media toxicity tests may be performed either in the laboratory or in siti. Because
environmental conditions can be controlled and standardized, laboratory toxicity
tests allow toxicity to be determined without potentially confounding influences of
environmental conditions. Because environmental conditions are standardized,
results from laboratory toxicity tests may be compared with lests conducted at
different times with media from different locations. However, because they use
standard environmental conditions, results obtained may not reflect toxicity that
may be observed in the variable conditions at the site. In sifu toxicity tests, because
they are conducted at the site, incorporate and reflect the interaction between
toxicity and environmental conditions. However, because of the variability of
conditions from site to site and over time, comparisons between tests are more
difficult. Ideally, if appropriate methods are available, a combination of laboratory
and in situ toxicity tests should be used.
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4 Approach for Selection of Methods

Before collection of data to assess smoke and obscurant risk to T&R species can
begin, appropriate methods for data collection must be identified. A four-step
approach for the selection of appropriate sampling methods is outlined in this
chapter. This approach consists of identifying the T&E species of concern, identify-
ing the contaminants of potential concern, developing a conceptual model, and
selecting appropriate sampling methods based on the results of the first three steps.

Identify T&E Species of Concern

Because of the large number of T&E species that may occur on military reservations
and their taxonomic and ecological diversity, identification of these species is hy far
the most crucial step in selecting appropriate methods of data collection. The choice
of appropriate methods, biological survey and toxicity test methods in particular,
is highly dependant on the species to be evaluated. For example, methods appro-
priate to assess risk to plants are likely to be inappropriate for testing endangered
mussels.

Once a species has been identified, a literature search should he performed to iden-
tify all available information concerning life history requirements (i.e., food habits,
habitat requirements, critical habitat, etc.), methods used by researchers investi-
gating the ecology of the species, and persons with experience studying the species.
If available, recovery plans for the particular species should be obtained from the
U.S. Fish and Wildlife Service (USFWS). These plans will contain information on
life history, factors that place populations of the species at risk, and persons to
contact for more information. Additional information on endangered species in
North America can be found in Lowe, Matthews, and Mozgeley (1994). Information
obtained in this search will aid in the selection of the most appropriate methods.

Identify Contaminani(s) of Potential Concern

Smokes and obscurants can consist of metals, chlorinated hydrocarbons, or oils, in
various combinations and may be used as munitions (i.e., grenades or projectiles)
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or produced from stationary generators, Impacts may result not only from the
smoke material but also from its breakdown products. Exposure and effects of these
smokes and obscurants are highly dependant not only on their chemical composition
but on their use patterns. Areas where smokes are frequently used are likely to be
more impacted than areas where their use is only occasional.

Toxicological effects and environmental fate and transport are functions of chemical
characteristics. To select methods appropriate to evaluate environmental residues
and estimate exposure, to identify areas or habitats potentially affected, and to
select the most appropriate toxicity tests, the following information is needed:

. the chemical composition of the smoke or obscurant

*  breakdown products

*  bicaccumulation potential

. environmental fate and transport

. toxicity information

*  general use practices (i.e., delivery system used, frequency of use, ete.).

Develop Conceptual Model

The primary purpose of a conceptual model in ERA is to develop working
hypotheses describing the interaction between a stressor and ecological endpoints
(EPA 1992a). A conceptual model graphically represents processes that may
adversely affect T&E species. These processes include transport of contaminants
on the site, movement of contaminants off the site, uptake by biota (either directly
or through food webs), and propagation of secondary effects through ecological
interactions. Ecological characteristics of the T&E species of interest are integrated
with application and environmental fate characteristics of the smoke compound to
develop a conceptual model describing the expected interaction between T&E
species and the smoke or obscurant. The primary purposes of conceptual models
are to focus the risk assessment on the most important questions as they relate to
a particular endpoint-stressor combination and to guide the selection of sampling
methods so that data most useful to assess risk are collected,

Figures 1 through 4 are examples of conceptual models for representative T&E
species, the red-cockaded woodpecker (Picoides borealis), the bald eagle (Haliaeetus
leucocephalus), the gopher tortoise (Gopherus polvphemus), and an endangered
plant. The models flow from the source (rounded box at top) to the endpoint (oval
box at bottom). Square boxes represent abiotic media critical to contaminant
transfer. Air is not specifically identified but is implicitly assumed to be the
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primary transport medium for smokes. Diamond-shaped boxes represent the
primary biological media with which the endpoint species interacts. Arrows linking
the boxes display the relationship between components in the model. Notations
adjacent to arrows describe direct toxicity, fate and transport of smokes or their
residues, or indirect or ecological effects.

Select Sampling Methods

Guided by the life history characteristics of the T&E species of interest, environ-
mental fate, transport, and use data for the smoke or obseurant, and the contami-
nant transfer and effects pathways outlined in the conceptual model, appropriate
methods may now be selected. To perform a robust risk assessment and to reduce
the magnitude of uncertainty, data for all three lines of evidence (literature-hased
toxicity data, biological survey data, and toxicity test data) should be collected if
possible. Media sampling methods for exposure estimation, biological gurvey meth-
ods, and toxicity test methods are presented in Chapters 6, 7, and 8, respectively.
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Figure 1. Conceptual model for the red-cockaded woodpecker.
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5 Sampling and Analysis Plan

A sampling plan must be developed before initiating any field data collection.
Based on pathways and endpoints summarized in the conceptual model (see
Chapter 4), the plan outlines the purposes and goals of the sampling program and
identifies the equipment, methodologies, and logistics to be used. The plan should
be clear, concise, and include the following components (EPA 1983a):

*  background information on the problem

. objectives and goals of the field sampling program

*  sampling methods to be used, including equipment needs, procedures, ete.
*  sample locations (if possible)

*  sampling design

*  analytical methods

*  special permits required (critical in any work concerning T&E species).

These components are intended to guide sampling plan development and are not all
inclusive. Additional elements may be added or deleted depending on the specific
requirements of the field study.

To ensure that the most appropriate methods are used and that sufficient data to
accurately estimate risk are collected, a Data Quality Objectives (DQO) process,
comparable to that described in EPA (1993b), should be followed, In a CERCLA
(Comprehensive Environmental Response, Compensation, and Liability Act)
context, the DQO process is a planning tool to help site managers decide what type,
quality, and quantity of data will be sufficient for environmental decisionmaking.
The outputs of the DQO process can be used to develop a statistical sampling design
and to effectively plan field studies that can stand up to rigorous review. Although
the DQO process is primarily intended to guide the collection of abiotic data for
exposure modeling, the general approach can also be applied to the collection of
biological data. It is important that all interested parties (i.e., regulators,
conservation agencies, etc.) be involved in the DQO process. This involvement will
both enhance the quality of data collected and ensure that issues of interest to these
groups are addressed.
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Sampling Design

Before abiotic and biotic data ean be collected, spatial and temporal arran gement
of samples (e.g., a sampling design) must be identified. The sampling design should
be chosen so that the distribution of data that are produced best represent the
actual population distribution. Three common sampling designs are random,
stratified, and systematic. Excellent, detailed discussions of sampling designs and
methods for data analysis are presented in Green (1979) and Krebs (1989),

Random Sampling

Random sampling uses the concept of random probabilities to choose representative
sample locations. Random sampling generally is used when little information exists
concerning the contamination or site. It is most effective when the number of
available sampling locations is large enough to lend statistical validity to the
random-selection process.

Stratified Sampling

Stratified sampling involves the division of the sample population into groups based
on knowledge of sample characteristics within these divisions. This approach is
used to increase the precision of the estimates made by sampling and is most
applicable when the contaminant distribution is heterogeneous and clumped or
associated with distinet habitats. Stratified sampling is advantageous when
contaminant concentration distributions within divisions are more homogeneous
than they are between divisions.

Systematic Sampling

Systematic sampling is the collection of samples at predetermined, regular spatial
or temporal intervals. It iz the most used sampling scheme; but care must be taken
to avoid bias. If, for example, periodic variations occur in the material to be
sampled, the systematic plan may become phased with these variations.

A systematic plan often results from approaches that are intended to be random.
This result oceurs because investigators tend to subdivide a large sample area into
increments before randomization.
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Animal Care and Use Procedures

Any handling of live animals (including any sample collection) must be in
accordance with the Animal Welfare Act (7 USC 2131 et seq.) and other applicable
Federal laws, guidelines, and policies. In general, these regulations require that all
activities involving live vertebrates be reviewed by a properly constituted animal
care and use committee. The appropriate staff within individual MACOMs should
be contacted for specific guidance on compliance with these regulations.
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6 Media Sampling Methods for Exposure
Evaluation

To estimate the extent and magnitude of exposure to smokes and obscurants, both
abiotic (water, sediment, soil, and air) and biotic media should be sampled and
analyzed for residues of smokes or their breakdown products. Analyses of residue
body burdens in biota indicate whether residues are taken up and, therefore,
transferred through the food web. Exposure by food web transfer may be estimated
by relating the residues found in biota to the food habits and diets of T&E species,
Exposure estimates may then be compared with toxicological benchmarks to
determine if adverse effects are likely.

Residue analyses also delineate the spatial extent of smoke-affected areas. If the
areas affected do not include T&E species or their habitat, exposure of T&E species
is unlikely; therefore, risk may be presumed to be negligible. The temporal
distribution of contamination may be determined by sampling at various time
intervals during and following the use of smokes. These data: may be used to
identify periods when acute effects may occur (i.e., while smokes are still airborne)
and to determine the residence time of residues in various media. Repeated
sampling in areas where smokes are used may be used to determine the rates at
which residues accumulate or degrade. This information may be helpful in
delineating the frequency of use in a given area, so that residues do not exceed
hazardous levels.

Abiotic Media

Abiotic media to which T&E species may be exposed include surface water,
sediment, soil, and air. Sampling methods for these media are defined in the
following sections.

Surface Water
Surface water may become contaminated by residues of smokes and obscurants

when these compounds are used in areas containing aguatic habitat. Water
contamination may consist of residues and unexpended materials deposited on the
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water surface or, if the compounds (or their residues) are water soluble, residues
dissolved in water. Water contamination may present a hazard to all aquatic biota
and to those terrestrial biota that drink from contaminated surface water sources
or feed on aquatic biota.

The four primary methods used for collecting surface water samples are sample con-
tainer immersion, dipper, peristaltic pump, and Kemmerer bottle. Sample
container immersion and dippers may be used in any type or size of water body but
are best when shallow or surface-water samples are required. Peristaltic pumps
also may be used in any size water body and are best for subsurface samples from
depths of 0 to 8 m. In contrast, Kemmerer bottles, while being effective for
sampling at depth, are applicable only for larger bodies of water. Each method is
briefly described in the following sections. Detailed descriptions of the application
of these methods and procedures for their use are in EPA (1983a).

Sample container immersion. This is the simplest surface water sampling method.
It is applicable for sampling water from shallow streams or the near shore of ponds,
lakes, rivers, ete. The sampling vessel is a bottle simply submerged and allowed to
fill. This method is advantageous if the sample could be altered by transferring the
sample from the collection vessel to another container such as when material may
adhere to the inside of the sample collection vessel, resulting in inaccurately low
analytical results. A drawback to this method is that the external surface of the
sampling vessel is likely to require decontamination. Because the method requires
immersion of hands, personnel should wear gloves to prevent exposure to
contaminants,

Dipper. Adipperorother container constructed of inert material (teflon or stainless
steel) may be used to collect and transfer surface water from the source to the
sample container. This method prevents unnecessary contamination of the sample
container and sampling personnel. Dippers may consist of ladles or ice scoops
available from commercial kitchen or laboratory supply houses.

A modification of this method is the pond sampler, which consists of an adjustable
clamp attached to the end of a two- to three-piece telescoping tube that serves as a
handle. The clamp is used to secure a sampling beaker. The telescoping handle
serves to extend the reach of the sampling technician, allowing samples to be
collected at a distance from the shore, bank, or boat. Pond samplers, although not
commercially available, may be easily fabricated. Telescoping tubing may be
obtained from hardware stores; adjustable clamps may be obtained from laboratory

supply houses,
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Peristaltic pump. This method is practical for a wide range of applications,
including the sampling of streams, rivers, ponds, and lakes. The system consists
of a peristaltic pump capable of pumping 1 to 3 L per minute and an assortment of
teflon or surgical-grade silicon tubing to extend the suction intake. Battery
operated pumps are preferable because they do not require direct current (DC)
generators or alternating current (AC) converters.

In practice, the suction intake is immersed in the water at the desired depth with
the end of the discharge hose that exits the pump placed in a sample bottle. The
pump is turned on, filling the sample bottle,

Peristaltic pumps are portable; samples are collected through essentially chemically
inert materials. This procedure can extend the lateral reach of the sample collector,
which allows for sampling at depth and across the width of narrow streams. To
avoid cross-contamination, tubing should be replaced between sample locations.
Sufficient tubing should be allocated to prevent the necessity of cleaning tubing in
the field. The primary drawhack of peristaltic pumps is that their lift capacity (and
therefore sampling depth) is limited to a pproximately 8 m.

Kemmerer bottle, The Kemmerer bottle is a messenger-activated water sampling
device used when discrete samples are required from within the water column at
depths greater than can be sampled by peristaltic pumps. In the open position,
water flows easily through the device. Once lowered to the desired depth, the
release mechanism is tripped, closing the bottle. When closed, the bottle is sealed
from additional contact with the water column and can be retrieved. After the bottle
has been retrieved, its contents are drained into an appropriate sample bottle. This
sample method is applicable only in large bodies of water where samples at depth
are required. Cross-contamination between water strata is also a concern with this
method.

Sediment

After smokes and obscurantz have been used in areas containing aquatic habitats,
residues deposited on the water are likely to setile through the water column and
deposit in sediment. Residues in sediment may present a risk to T&E fish,
mollusks, and aquatic reptiles and amphibians.

The three general types of sediment sampling devices are dredges, grabs, and
corers. A dredge is a vessel that can be dragged across the sediment surface, either
by a boat or by a handle (Baudo 1990). As it passes over the surface, the dredge
digs into the sediment, collecting the surface layer, Dredges are used primarily to
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collect benthic fauna and have the advantage of covering a large area, thus produe-
ing an “average” sample (Baudo 1990). The actual area and sediment depth sam-
pled are difficult to quantify, however. Becauss dredges disturb and mix the sedi-
ment, they are inappropriate for collecting sediment samples for Loxicity tests. In
addition, because dredges are made of fabric or have net in the bottom, they act as
sieves and do not retain all fine-textured sediment materials or small benthic fauna.

The second sampling device, the grab, generally consists of two metal jaws that can
be closed after the device reaches the bottom. The jaws are closed either automati-
cally or following a mechanical or electrical signal from the surface. Grabs are
favored by biologists because the size of the area sampled is known, and they can
produce large samples of the top layers of sediment, where benthic biota are likely
to be found (Baudo 1990). The depth of samples taken with grabs is variable and
depends on the density and composition of the sediment and the weight and speed
of the grab when it hits the hottom, Sample quality may also be affected by
perturbations of the sediment surface during both impact and opening of the grah
for sample removal.

Corers, the third type of sediment sampling device, consist of a eylindrical or sguare
tube inserted into the sediment to extract a sample. Corers are designed to provide
the maximum amount of sample with the least disturbance of the sediment. Many
types of corers exist (Baudo 1990). Small push corers and small gravity corers can
be retrieved by hand and used from a small boat. Larger more complicated corers,
such as piston or vibrocorers, may require a lifting boom, winch, larger sampling
vessels, and larger field erews.

~Detailed discussions of sediment samplers and their use are in ASTM (1990),
Baudo, Giesy, and Muntau (1990), EPA (1983a), EPA (1994a), Burton (1992), and
Mudroch and MacKnight (1991). Table 1 summarizes the advantages and
disadvantages of various sediment samplers.

Soil

Most smoke residues are ultimately deposited in the surface soil. Contaminants in
soil may present a hazard to all terrestrial plants and most terrestrial wildlife. In
addition, erosion of contaminated soils may present a hazard to aquatic biota,

A brief summary of s0il sampling methods is provided in EPA (1983a). For an in-
depth discussion of soil and soil sampling, consult EPA (1983b), which discusses the
factors that influence the selection of sampling schemes and field sampling
methods, emphasizing statistical design and data analysis.
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Table 1. Advantages and disadvantages of various sediment samplers.

Sampler

Advantages

Disadvantages

Hand and gravity
corers

Box corer

Vibracorer

Ekman or box
dredge

Paonar grahb

van Veen or
Young grab

Petarsen grab

Orange-peel grab

Shipek grab

Maintain sediment layering of the inner core.

Fine surficial sedimenis retained by hand
corer. Replicate samples efficiently
obtained. Removable liners. Iner liners
may be used. Quantitative samgling
allowead.

Maintains sediment layering of large volume
of sediment. Surficial fine sedimants
retained refatively well. Quantitative
sampling allowed, Excellent control of
depth of penetration.

Samples deep sediment for historical

analyses. Samples consolidated sediments.

Relatively large volume of sediment may be
obtained. May be subsampled through lid.
Lid design reduces loss of surficial
sediments as compared to many dredges.
Usable in moderately compacted sediments
of varying grain sizes.

Commonly used. Large volume of sediment
obtained. Adequate in most substrates,
Weight allows use In desp walers. Good
sediment penetration,

Useiul in deep water and on most
substrates. Young grab cozted with iner
polymer. Large sediment volume obtained,

Large sediment valume obtained from most
subslrates in deep water,

Large sediment volumes obtained from
most substrates. Efficient elosure.

Adequate on most surfaces,

Small sample volume. Gravity corer may
result in loss of fine surficial sediments.
Liner removal required for repetitive
sampling. Mot suitable for coarse-grain or
consolidaled sediments.

Size and weight require powar winch;
difficult to handie and transport. Mot
suitable for consolidated sediment,

Expensive and requires winch, Outer
core integrity slightly disrupted,

Loss of fine sediments may occur during
sampling. Incomplete jaw closure ocours
in coarse-grain sediments or with large
debris. Sediment integrity disrupted. Not
an inert surfaca,

Loss of fine sediments and sediment
integrity cccurs, Incomplete jaw closure
ocours occasionally. Mot an inert surface,
Heavy and requires a winch.

Less of fina sediments and sediment
integrity occurs. Incomplete jaw closure
possible. van Vean grab has metal
surface. Both may require a wingh,

Loss of fine sediments and sediment
integrity. Not an inart surface. Incomplete
jaw closure may accur. May require a
wineh.

Loss of fine sedimants and sediment
integrity. Not an inert surface. Requires
a winch.

Small volume. Loss of fine sediments and
sediment integrity. Not an inert surface.

“Sources: Adapted from Burton {1992) and EPA (1994a).

Shallow soil samples. In areas where smokes and obscurants are used only
occasionally and intermittently, residues are likely to be restricted to the surface
soil and litter layers. The surface soil layers are also the most eritical in estimating
exposure to terrestrial wildlife. Methods for sampling the surface soil layers
(approximately the top 15 cm) will therefore be most applicable. Devices for
sampling surface soil include the soil punch, ring samplers, or a simple scoop or
shovel, depending on the properties of the soil (EPA 1983h).
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A soil punch is a thin-walled steel tube 15- to 20-cm long, 2.5-cm in diameter.
Driven into the ground with a mallet, the tube is then extracted and the soil within
the tube removed. Soil punches are fast. easy to use, and are readily adapted to
various analytical schemes,

A ring sampler is a steel ring approximately 15 to 30 cm in diameter that is driven
into the soil to a depth of 15 to 20 em. Cores produced by ring samplers permit
results to be expressed on a per unit area basis and allow a constant area of =oil to
be collected each time. Removal of cores may be difficult in loose, sandy soils or
tight elayey soils,

Sample collection using a scoop or shovel is the least desirahle method; this method
is applicable only if area or volume of the sample are not critical. It is difficult to
repeatedly sample to the same depth using this method. Because of the high
variability and poor consistency of results, using a scoop or shovel is not recom-
mended.

Deep soil samples. Where smokes have been heavily used for a long time, residues
may have migrated to deeper soil horizons than can be sampled using the
techniques already deseribed. Contaminants in these deeper layers may present a
hazard to burrowing animals and to deep-rooted plants. To evaluate deep =soil
contamination that may oceur in areas where smokes are heavily used, soil augers,
power driven corers, or trenching may be used. Descriptions and applications of
these methods are in EPA (1983h).

Compositing of samples. Compositing of samples is & common practice in soil
analyses. Compositing consists of combining and mixing samples from multiple
locations or from various depths to produce one sample. This composite sample
reduces the number of analyses required. Although composite samples may
accurately represent the mean of the combined samples, information on sample
variance is lost. For risk assessment purposes, compositing of samples should be
limited to data collected for screening purposes. To assess risk from smokes,
samples from various depths should he analyzed separately and should not be
composited because surface layers are likely to have greater residues than deeper
layers. In addition, soil samples from different locations should not be composited
if a study objective is to define the areal distribution of residues in the soil.

Removal of litter. Most locations where soil is to be collected are either vegetated
or covered with litter. To differentiate between surface soil and litter contamina-
tion, all litter or vegetation should be removed down to the upper humus layer, prior
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to the collection of the soil sample. Litter or ground vegetation that is removed
should be retained and analyzed for smoke residues.

Ajr

Because smokes and obscurants are transported and distributed by air, sampling
of the air and determination of aerial deposition are critical to the estimation of
exposure of biota to these materials (Policastro et al 1990). Appropriate sampling
methods for these smokes and obscurants are in a draft technical report by Cassels
and Reinbold (June 1996). Cassels and Reinhold's report will be Volume 3 of this
technical report series.

Biotic Media

To evaluate the risk presented by food-web transfer of smoke residues, biota that
may be consumed by T&E species should be sampled and analyzed. Methods for
collecting biotic samples are summarized in the following sections. It should be
noted that residue analyses frequently require the destruction of the sample. For
this reason, T&E species should not be sampled for residue analyses.

Plants

In areas where smokes are used, plants may accumulate residues either through
root uptake from the soil or uptake of residues deposited on foliage. Smoke residues
taken up by the plant or deposited on foliage may then put herbivorous T&E species
at-risk. In addition, uptake by and exposure of T&E plant species may be
approximated by sampling and analyzing plants that are taxonomically similar to
the T&E plant species.

With the exception of some trace metals, such as arsenic and selenium, uptake of
contaminants by plants from soil is unlikely to be a major contaminant pathway.
However, particulate fractions of smokes and obscurants can be deposited on plant
parts (e.g., leaves, stems, and fruit) either directly or through precipitation or
resuspension of contaminated soil. In addition to direct damage caused by thermal,
pyrophorie, or caustic properties of thege contaminants, deposition may impact the
plant by interfering physically or chemically with physiological processes such as
photosynthesis or respiration.

Contaminants incorporated into plant tissues through uptake or deposited on
exposed plant parts are potentially available to plant consumers and the rest of the
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terresirial food chain. Thus, T&E wildlife of all trophic levels may be at risk.
Models to predict uptake of contaminants by plants are not well developed for many
contaminants and are virtually nonexistent for smokes and obscurants. Moreover,
no models are available for reliably predicting the exposure of plants or wildlife to
deposited contaminants from smokes and obscurants. For these reasons, it will be
essential to measure contaminant concentrations in surrogate or representative
plant species for most ERAs involving either T&E plants or T&E herbivores.

Collection of plant material for residue analyses is essentially simple. After plants
of the appropriate species are identified, they may be sampled either as whole
organisms (roots plus aboveground parts) or as discrete parts (roots, foliage, seeds,
fruit, etc.). Samples may be collected by stripping or breaking parts from the plant,
by cutting plant parts with shears, or by digging up plants with a spade. If cutting
or digging tools are required, tools should be washed between samples to prevent
crass-contamination of samples. Sufficient mass should be collected for each field
sample to provide the analytical laboratory with recommended sample weights.
Samples should be collected with as little disturbance as possible to avoid
inadvertent loss of deposited contaminants. Samples should also be handled as
little as possible; field ecrews handling the actual tissues should wear plastic gloves
to prevent exposure to contaminants.

Once samples have been collected, they should be prepared, stored, and preserved
for analysis. In most instances. no preparation is necessary; samples may simply
be placed in the sample container. If plants are sampled whole or if root samples
are taken, all soil should be washed from the roots using deionized water to prevent
cross-contamination. Foliage samples should not be washed if the intended use of
the sample is to estimate exposure o herbivores, because washing will remove
airborne smoke residue deposits, which may contribute significantly to herbivore
exposure. However, if analysis is intended to identify residue uptake by the plant,
residues should be washed off.

The method of storage and preservation depends on the type of analysis to be
performed, The analytical laboratory should be consulted before sample collection
to ensure that the appropriate sample containers and preservatives are used,

The primary concern in vegetation sampling is identifying the appropriate species
and plant parts for collection. Because herbivores generally do not consume the
entire plant and different plant parts accumulate contaminants to different degrees,
to evaluate exposure to a T&E herhivore, only those parts that are consumed should
be sampled and analyzed. Plant parts sampled should reflect the food habits of the
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T&E species of interest. Additional information on vegetation sampling for residue
analysis may be found in DOE (1987) and Temple and Wills (1979).

Birds

To evaluate the accumulation of smoke residues by birds and to estimate exposure
for T&E species that consume birds (e.g., peregrine falcon), birds may be sampled
and analyzed. Capture methods outlined in the following may also be used to eatch
T&E birds to collect feathers for anal ysis (Burger 1993) or to facilitate the
attachment of radiotransmitters. (Radiotelemetry data for T&E species may he
used to estimate the use of areas where smokes are released.) Methods to collect
birds include firearms, baited traps, cannon nets, mist nets, drive and drift traps,
decoy and enticement lures, and nest traps (Schemnitz 1994). Methods used depend
on the species to be sampled.

Permits. Before initiating any sampling program for birds, all appropriate permits
must be obtained. Taking of migratory waterfowl requires a USFWS permit or a
state hunting license (in season) and a Federal waterfowl stamp. Any activity
involving T&E species requires a permit from the USFWS and/or the responsible
state conservation agency. Permits for the collection of neotropical migratory birds
must also be obtained from the USFWS.

Methods. One of the most obvious collection methods is the use of firearms.
Firearms used may include rifles, shotguns, or pellet guns. This method, while
highly dependant on the skill of field personnel, may be used for all groups of hirds.
However, because samples may be extensively damaged during collection,
projectiles or shot may interfere with residue analyses, and because of safety
considerations, the use of firearms is not a recommended sampling method.

Baited traps are most useful for gregarious, seed-eating birds. In their simplest
form, a wire-mesh box is supported at one side by a stick, over bait (generally seeds
or grain). Once birds enter the box to feed on the seeds, the operator pulls a string
attached to the support stick, the box falls, and the birds are entrapped. Other
types of baited traps include funnel or ladder traps, which are designed with
entrances through which birds can enter easily but not easily exit.

Cannon nets may be used for birds that are too wary to enter traps. This type of
trap is frequently used for wild turkey and waterfowl and has been used success-
fully for sandhill cranes and bald eagles (Schemnitz 1994). Cannon nets consist of
a large, light net that is carried over baited birds by mortars or rockets. Nets are
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laid out and baited for 1 to 2 weeks to allow the birds to become acclimated to the
net and bait. Once birds make regular use of the bait, the trap may be deployed.

Mist netting is a method useful for some species that are not attracted to baits, A
detailed review of the use and application of mist nets is provided by Keyes and
Grue (1982). This method may be used for birds as large as ducks, hawks, or
pheasants but is most applicable to passerines and other birds under ~200 g. Mist
nets are constructed from fine, black silk or nylon fibers, usually 0.9 to 2.1 m wide
by 9.0 to 11.6 m long, and attached to a cord frame with horizontal crossbraces
called “shelfstrings” (Schemnitz 1994). The net is attached to poles at either end so
that the shelfstrings are tight, but the net is loose. The loose net hangs below the
shelfstrings, forming pockets. When properly deployed, birds (or bats) strike the net
and become entangled in the net pocket,

Mist nets may be used passively or actively. In a passive deployment, nets are set
across flight corridors and birds are caught as they fly by. For an active deploy-
ment, a group of nets is set and birds are driven toward the nets. Another effective
approach is to use recorded calls or distress ealls of conspecifics to attract birds to
the net.

The following must be considered when using mist nets:

*  Avoid windy conditions; wind increases the visibility of the net.

*  Check nets frequently. Unintended mortality may result from stress if birds
are left in the net for more than 1 hour.

* Do not operate nets during rain. Birds may become soaked and may die from
hypothermia.

*  Special permits are required to use mist nets for migratory birds. These
permits must be obtained from the USFWS,

Drive and drift traps are nets or low wire mesh fencing erected at ground level.
Birds are driven or herded into the fence, which then guides them into an enclosure.
This method is most frequently used to capture waterfowl while they are molting
and flightless. Drift traps have also been used successfully with upland gamebirds,
rails, and shorebirds (Schemnitz 1994). Because many birds are reluctant to flush
and fly when birds of prey are present, trapping success may be enhanced by
playing recorded hawk calls.

Decoy and enticement lures are nsed most frequently for birds of prey. The most
common trap of this type is the bal-chatri trap, which consists of a wire mesh cage
with numerous monofilament nooses attached to the top. A small bird or rodent is
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placed in the trap as bait. When a hawk or owl attempts to attack the bait, the bird
of prey becomes entangled in the nooses.

Nest traps are useful to capture birds at the nest for reproductive studies. For
ground-nesting birds, drop nets erected over the nest are sometimes effective. For
cavity nesting birds, trip doors may be devised that can be closed once the adult
enters the nest. Other types of nest traps are summarized by Schemnitz (1994).

Additional information concerning methods for capturing birds may be found in
Schemnitz (1994), USFWS and Canadian Wildlife Service (1977), Addy (1956), and
Bub (1990).

Euthanasia. Although most capture techniques described for terrestrial vertebrates
are designed to capture animals alive, animals generally must be sacrificed before
preparation for contaminant residue analysis. (An exception iz fur or feather
residue analysis, which may be performed on live animals.) It is essential that
humane euthanasia methods be used to sacrifice animals for analysis. A detailed
discussion of euthanasia methods for birds is presented in Gullet (1987); these
methods are adaptable for mammals alzo.

Euthanasia may be achieved using either physical or chemical methods (Gullet
1987). Physical methods include cervieal dislocation, decapitation, stunning and
exsanguination, and shooting. Chemical methods include lethal injection or
inhalation of anesthetic or toxic gas. Questions to consider when choosing a
technique include:

*— Will it interfere with residue analyses? (Chemical euthanasia may confound
results and may not be recommended.)

*  Isit appropriate for the size and type of animal?

*  Does it present a risk to human health and safety?

*  Is specialized equipment or training required?

¢  Isit time and cost effective?

*  Will the technique offend the casual obzerver?

Mammals

Many mammalian herbivores and omnivores are prey for T&E wildlife species. In
such instances, it may be important to measure the concentration of smoke and
obscurant residues that are present in these prey species. For the purposes of this
report, this section will focus on sampling methods for three general types of



USACERL TR-97/140

35

mammalian prey species: small mammals (i.e., mice, voles, and rats), lagomorphs
(i.e., rabbits and hares), and omnivores (i.e., muskrats, opossums, and raccoons).

Permits. In many states, collection of large numbers of small mammals and
lagomorphs requires special eollection permits available from the state wildlife
agency. Check with that agency to learn what permits are required. All states
regulate the collection of furbearing species, such as muskrats, and game mammals,
such as deer. Again, check with the state wildlife agency to determine what permits
are required. These contacts can serve another important purpose. Most state

agencies have individual biologists who are responsible for various categories of

wildlife. These individuals can be very helpful in designing a sampling program,
The furbearer specialist, for example, may be able to provide helpful tips on
collection of muskrats.

Small mammals. Collection of small mammals for residue analysis is appropriate
if the conceptual model indicates that these animals are important as a source of
food for the T&E species of concern. Virtually all predators of small mammals
consume the animals whole, so sampling of individual organs is not needed. Small
mammals must be analyzed whole, which requires sacrifice of the animal.

Currently, one concern among field researchers and analytical laboratories is that
of hanta virus, which oceurs in populations of certain small mammals species.
Because our knowledge about this virus is growing rapidly, it is impractical to
provide guidance on proper protective measures here. Contact the Centers for
Disease Control (CDC) in Atlanta (Jim Mills, Pathogens Branch, CDC; telephone:
404-639-1115) to receive their latest information on reasonable measures. Also,
contact your analytical laboratory before doing any field work to find out if they
require samples to be packaged or shipped in a specific way to protect their workers.
Some laboratories insist that any small mammal samples be certified by CDC as
being free of hanta virus.

It is important that the conceptual model of the foed chain include as much infor-
mation as possible on what small mammal species are actually used as prey by the
T&E species of concern. In most cases, all small rodents may be grouped together
and treated as one sample. In other instances, shrews and other insectivores may
need to be treated separately. This information is important in selecting the col-
lection method.

Three different types of traps are typically used for small mammals. Box live traps
(e.g., Sherman traps), snap traps, and pitfall traps are all effective for small
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mammals and shrews (Schemnitz 1994), None of these traps allow for discrimina-
tion among species trapped, though shrews are caught less frequently in live traps.

Box live traps allow the field team to decide if a captured animal should be set free
or collected, which may be important if there is a high probability that nontarget
species may be collected. Of course, live traps then require euthanasia of target
animals (see Chapter 6, Birds, Euthanasia). Killi ng traps eliminate the need for
euthanasia, but increase the likelihood of killing nontarget animals if they are
Present,

Pitfall traps may be either live traps or killing traps (Schemnitz 1994). Adding
water or a preservative such as ethylene glycol to a pitfall trap makes it a killing
trap. Snap traps are always killing traps. For a review of advantages of pitfall and
snap traps see Schemnitz (1994).

Lagomorphs. Although rabbits and hares are not usually consumed entirely by
their predators, most tissues are eaten. Thus, it is necessary to sacrifice the animal
to sample all relevant tissues (e.g., internal organs, muscle, and fur) to estimate the
total exposure to T&E predators.

Rabbits can be collected in at least three ways. Firearms are probably the least
desirable method. The possibility of destroying or contaminating important tissues
with the projectiles or shot is high with an animal as small as a rabbit. Safety is
also a concern with the use of firearms, and the success of the sampling program
depends on the skill of the hunter.

Snares are effective means of capturing rabbits. Placed across rabbit pathways,
wire snares contract around the animal when it steps through the noose.
Struggling by the animal further constricts the noose. Trap mortality with snares
is generally high, unless they are visited frequently. Also, snares can capture
nontarget small mammals such as mink, weasels, and feral cats,

Cage live traps are also effective for rabbits. These traps are similar in concept to
box live traps for small mammals and give the field team the option to release
nontarget animals.

Lethal traps, such as conibear traps, are not recommended for lagomorphs because
of the high likelihood that nontarget animals will be killed.

Omnivores. Certain large T&E predators (e.g., Florida panthers and red wolves)
feed on raccoons. River otters and alligators feed on muskrats. Thus, where these
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T&E species exist, trapping of mammalian omnivores may be required. As with
rabbits, predators generally consume most edible tissues of raccoons and muskrats,
s0 the sampling program must include all major tissues, and the animals must be
sacrificed.

At least two health concerns arise when trapping raccoons. Anyone handling wild
omnivores or carnivores should receive the preexposure series of rabies vaccina-
tions. Also, raccoons are hosts to a round worm (Baylis asceris procyonis) that can
be fatal to humans. This means that field personnel working with raccoons should
wear protective gloves and should wash their hands thoroughly after contact with
raccoons.

Raccoons and muskrats can be captured in cage live traps (e.g., Hav-a-hart®). Rac-
coons will respond to many different types of baits, but muskrats tend to respond
best to vegetable matter.

Leghold traps and leg snares are also effective for raccoons (Schemnitz 1994).
There are concerns relative to animal welfare when using leghold traps, however.
Lethal traps should be avoided for raccoons and muskrats, unless the traps can be
placed where nontarget animals are unlikel v to be caught.

Reptiles and Amphibians

Reptiles and amphibians may represent significant contaminant transfer pathways
because they are important prey for some T&E species. Methods suitable for the
collection of reptiles and amphibians for residue analysis are summarized in
Chapter 7. Additional methods are described in detail in Heyer et al. (1994) and
Jones (1986). Most predators are likely to consume all tissues of their Prey, so
whole-body residue analysis is preferred. For this reason, either lethal or nonlethal
collection methods are acceptable. Nonlethal methods permit greater diserimina-
tion in specimens collected and reduce the likelihood of collecting nontarget species.
Specimens must be euthanized before analysis if nonlethal methods are used.
Euthanasia methods for amphibians are discussed in Heyer et al. (1994), In
addition, methods of euthanasia for birds or fish may be applicable.

Terrestrial Invertebrates

Terrestrial invertebrates (i.e., mollusks, annelids, arthropods, etc.) are important
food resources for many vertebrate species. T&E species may be impacted by
smokes via invertebrates in two ways: (1) they ma ¥ be directly toxie to inverte-
brates, resulting in reduced abundance (and therefore reducing food available for
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T&E species) or (2) they may be accumulated by invertebrates and passed on to
T&E invertebrate predators. Methods for sampling of terrestrial invertebrates
described in the following sections, while suitable for collection of samples for
residue analysis, may also be applicable for population estimation, if samples are
collected using a statistically valid design (see Chapter 5, Sampling Design).

Mollusks. Methods for the collection of terrestrial mollusks (snails and slugs) are
not as well defined as those for other terrestrial invertebrates. Collection methods
include the use of bran- or metaldehyde-baited traps or refuge traps (boards placed
at a site to attract slugs; Newell 1970). Snails or slugs may also be extracted from
litter or soil collected from the site. Snails will generally float and slugs sink when
the samples are immersed in water, Although population estimates of snails may
be made by counting their abundance within randemly placed quadrats, this
method is likely to be biased towards adults and against immatures (Newell 1970).
Additional discussion of sampling and extraction of terrestrial mollusks may be
found in Newell (1970) and Southwood (1978).

Earthworms. The primary methods for collecting earthworm samples are hand-
sorting of soil, wet sieving, flotation, and the application of expellants.

Regarded as the most accurate sampling method, handsorting is frequently used to
evaluate the efficacy of other methods (Satchell 1970; Springett 1981). While
aceurate, handsorting is very laborious and may underestimate the abundance of
small individuals. Efficiency depends on the density of the root mat, clay content
of the soil, and weather conditions (if sorting is done in the field).

Wet sieving uses a water jet and a sieve to separate earthworms from the soil
(Satchell 1970). While efficiency of this method is not documented, its drawbacks
include damage to worms during washing.

Flotation is another water-extraction method (Satchell 1970). Soil samples are
placed in water, and earthworms are collected as they float to the surface. This
method may be used to extract egg capsules and adults of species too small to
recover efficiently by handsorting.

In contrast to methods that require excavation and processing of soil, expellants are
applied in situ to collect earthworms. In practice, an expellant solution is applied
to the soil surface and allowed to percolate down. Earthworms are then collected
as they emerge from the soil. To enhance absorption of the expellant by the soil and
to facilitate collection of earthworms as they emerge, vegetation at each sampling
location should be ¢lipped down to the soil surface.
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Expellants have traditionally consisted of formaldehyde or potassium permanga-
nate solutions (Satchell 1970, Raw 1959). Drawbacks to these expellants include
carcinogenicity, phytotoxicity, and toxicity to earthworms. In addition, these
expellants also may introduce additional contamination and interfere with residue
analysis. As an alternative, Gunn (1992) suggested the use of a mustard solution
as an expellant. A commercially available prepared mustard emulsion was mixed
with water at a rate of 15 mL/L and applied to soil within a 1-m? frame (to confine
the expellant). Efficacy of mustard was found to be superior to formaldehyde and
equivalent to potassium permanganate (Gunn 1992). Recent work at Oak Ridge
National Laboratory indicates that dry mustard (1 tsp/L) is also an effective
expellant (B. Sample, personal observation). If worm samples are being collected
for residue analysis, analyses should be performed on samples of the mustard
expellant. These data will indicate if any contamination can be attributed to the
extraction method,

Arthropods. Many methods are available to sample terrestrial arthropods.
Because of the great diversity of life-history traits and habitats exploited by
arthropods, no single method is efficient for capturing all taxa (Julliet 1963). Every
sampling method has some associated biases and provides reliable population
estimates for only a limited number of taxa (Kunz 1988a; Cooper and Whitmore
1990).

Reviews of sampling methods for insects and other arthropods were given by South-
wood (1978), Kunz (1988a), Cooper and Whitmore (1990), and Murkin, Wrubleski,
and Ried (1994). Table 2 describes 12 commonly used methods, arthropod groups
for which they are appropriate, and summarizes advantages and disadvantages of
each.

Benthic Macroinvertebrates

The use of body-burden analysis to determine exposure of T&E benthic macro-
invertebrates to smoke residues requires sacrifice of the animals. This is VETY
undesirable, so it is often better to approximate exposure levels by sampling related
or surrogate species having similar life histories and habitat requirements.
Collection and residue analysis of non-T&E benthic macroinvertebrates may alzo
be used to estimate exposure to those T&E species that consume benthic macro-
invertebrates,

Many techniques are suitable for the collection of benthic macroinvertebrates for
exposure evaluation. Several such methods are described in the following seclions,
including in situ exposure of a surrogate species maintained in a holding device.
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Benthic organisms can be collected from deep water by divers equipped with
snorkels and fins or self-contained underwater breathing apparatus (SCUBA) gear
(see Miller et al. 1993 for a description of appropriate safety equipment). This
procedure is most amenable for collecting organisms either by hand or with a
suction-type sampler. This method would be unsuitable, however, for situations
where human exposure to contaminants is a concern,

Suction samplers vacuum the substrate and associated fauna from the streambed
into a mesh collection bag, which is removed and taken to the boat or shore for
processing. Surrogate organisms can be sieved from the vacuumed material with
the aid of a box screen. Although these suction samplers allow rapid and efficient
collection of many types of organisms from various substrate types, if T&E species
are present they may be collected unintentionally,

Grab samplers (i.e., Ekman, Petersen, Ponar, and Smith-McIntyre samplers) can
also be used to collect organisms from deep-water habitats. These devices engulf
a portion of substrate (and its associated organisms), which is then hauled to the
surface for processing. Organisms are separated from the sample material hy
washing the substrate in a hox screen.

Isom (1978) reviews several types of grab samplers, their specifications, the type of
substrate each was designed for, and advantages and disadvantages associated with
each type. Grab samplers generally require a boat equipped with a winch and at
least two individuals for operation (Isom 1978). A disadvantage of grab samplers
1s incomplete jaw closure, which can result in loss of part or all of a sample during
retrieval (EPA 1973). Furthermore, because grab samplers cover only a small area,
several samples may be needed to obtain a suitable number of organisms.

Brails, also called crowfoot bars, consist of a series of four-pronged hooks attached
to a bar by short lines or chaing, and have been extensively used by researchers and
commercial fishermen to collect mussels from large rivers (Bates and Dennis 1985;
Starrett 1971; Coker 1919). Collection entails dragging the brail behind a boat and
in contact with the stream or lake bed. When a hook passes through the opened
shell of a feeding mussel, the mussel reacts by closing its shell on the hook. The
brail is then brought up to the hoat, where the mollusks are removed. This
technique tends to collect larger mollusks, but is moderately nonselective to species.
Thus it could unintentionally collect T&E organisms. A complete deseription of
brailing techniques can be found in Starrett (1971) and Coker (1919).
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Perhaps the best method for collecting slow-moving or large sessile organisms is
hand-picking while wading in shallow water. Organisms are located by sight and
simply removed from the substrate.

A d-frame net or kick net may be used to collect smaller and more mobile species
in shallow streams. The net is placed against the streambed, and the substrate
upstream of the mouth of the net is agitated to suspend the organisms, which are
then washed into the net by the current. Appendix A gives further details of this
collection technique.

Coring devices can be used in both shallow and deep water to sample invertebrates.
These devices are inserted into the substrate and provide a sample of substrate and
organisms, The sample is washed in a sieve and the organisms are removed from
the remaining sample debris. Smock et al. (1992) and Williams and Hynes (1973)
give in-depth information on core sampling.

Peterson and Southworth (1994) describe a method to estimate in situ exposure
using surrogate species. The selected organisms are held in polypropylene cages
that are placed in the area of potential contamination and each reference site. After
the prescribed period of exposure (generally 4 weeks), the organisms are analyzed
for contaminants and levels are compared with those at the reference sites. Indi-
genous organisms should be used whenever possible to prevent the unintentional
introduction of exotic species where they do not exist.

Fish

Fish in areas in which smokes and obscurants are used may be exposed to residues
through uptake from the gills, accidental ingestion of contaminated sediments, or
by accumulation through the food chain. Smoke residues accumulated by fish then
provide a contaminant transfer pathway to piscivorous wildlife.

Sampling techniques for fish include seines and mobile nets, electrofishing, sta-
tionary nets and traps, visual observations, and chemicals. These methods may be
used both to collect samples for residue analysis and to survey populations of T&E

and non-T&E fish species. The applications, advantages, and disadvantages of

these methods are discussed in detail in Chapter 7.

Fish sampled for body burden analysis must be euthanized before analysis. Com-
mon methods include the use of a chemical anesthetic agent or cold anesthesia.
Most chemical anesthetics provide rapid and effective euthanasia. Chemical
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anesthetics should be used with caution, however, because they may interfere with
and confound residue analysis.

Cold anesthesia, another quick and effective method, consists of placing fish in
coolers of ice. Dry ice may also be used, if tissue freezing is desired. Cold
anesthesia avoids any possible contamination of Hssues by the chemical anesthetic.
Reviews of anesthetics and handling techniques are given in Stickney (1983) and
Summerfelt and Smith (1990).

To evaluate exposure experienced by T&E fish species, media to which they are
exposed (e.g., water, sediment, and food) should be sampled and analyzed.
Sampling of surface water and sediments are covered earlier in the Abiotic Media
portion of this chapter. These methods should be used to sample the media directly
associated with the eritical habitat of the T&E species. Food chain effects may he
analyzed by sampling the principal food items of the target T&E species. If the food
items are not identified in the literature, it should be possible to use pumps or
flushing devices to nondestructively sample stomach contents (Baker and Fraser
1976, Bowen 1983). Another approach would be to analyze stomach contents of a
surrogate species. The surrogate species should be as similar taxonomically as
possible or be a species similar in feeding habits (e.g., a benthic insectivore) and
habitat requirements. Ifan indication of the possible accumulation of the chemicals
is desired, the surrogate species could also be used for tissue samples. Such
samples could be limited to muscle or organ tissues, or a whole-body sample could
be taken. Appropriate sample procedures for accumulation analyses are given in
Southworth and Peterson (1993) and EPA (1993¢).

Methods for Chemical Analysis

No widely accepted or official methods exist for chemical analyses of biological
tissues. The EPA has developed two different sets of analytical protocols for water
and soils: SWB846 (EPA 1986) and the Contract Laboratory Program (CLP).
Normally CLP procedures must be used for analyses of contaminants at CERCLA
sites. However, there are no CLP procedures for biological tissues. Because bio-
logical tissues differ physically and chemically from water and soil, neither the
SW846 procedures nor the CLP protocols are directly applicable. Although most of
the steps in either set of protocols may be applicable to biological tissues, some
changes need to be made.

This section provides general information that may be useful in developing the
analytical portion of a sampling and analysis plan. In virtually all cases, the best
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way to ensure that analytical data are of sufficient quality is to follow two
guidelines: (1) to the maximum extent possible rely on existing EPA-approved
procedures, varying only in those steps where biological tissues differ from the
sample matrix for which the procedure was developed, and (2) always use analytical
laboratories that have performed analyses of biological tissues in the past and that
are part of an ongoing performance evaluation program based on biological tizssues.

Four key areas in which decisions must be made about the best approach for
analysis of biological tissues are: (1) sample weight, (2) sample preparation prior
to shipment, (3) sample preparation in the analytical laboratory, and (4) deviations
from standard analytical protocols. These decisions should be made in conjunction
with a skilled analytical chemist familiar with the methods that are available for
the sample of concern. Where possible, the laboratory that will perform the
analyses should participate in these decisions.

Sample Weight

The weight of the sample available to the analytical laboratory affects the
sensitivity of the analysis and the level of quality control that can be implemented.
All laboratories establish certain minimum weights that can be analyzed to provide
specified limits of detection or quantitation. In general, the more sample available,
the lower the limit of detection until the method detection limit is reached. Larger
sample weights also provide sufficient material for laboratory duplicates and spikes
as appropriate.

Sample Preparation in the Field or Close Support Laboratory

Most biological samples are simply frozen in the field and shipped directly to the
analytical laboratory. In some cases, samples may be freeze dried; however, freeze
drying will volatilize some contaminants.

Recently, some ecological risk assessors and regulators have begun considering
whether samples should be washed before freezing. The concern is over whether
contamination on the outside of the sample is likely to be biologically available,
either to the organism being sampled or to its consumers. If the question to be
answered is whether internal contamination within an organism (e.g., a surrogate
for a T&E species) is sufficiently high to indicate adverse effects, then washing the
exterior of the sample removes the possibility that spurious external contamination
is influencing the results, On the other hand, where external contamination s
potentially part of the exposure pathway (e.g., in plants consumed by an herbivore),
the exterior of the sample should not be washed. Of course, if a sample is washed,
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samples of the detergent should be analyzed to determine if it is adding any
contamination.

Holding times have been established for most analytes in soil or water, but there
is no consensus on holding times for binlogical tissues. If tissues are frozen shortly
after collection (and washing if required), then contaminants bound up in the biclog-
ical tissues should remain there for a relatively long time. However, where concen-
trations are to be considered against ARARs {applicable or relevant and appropriate
requirements) that are based on wet weights (e.g., Food and Drug Administration
[FDA] threshold limits), lengthy time in a freezer can result in water loss that will
affect measurements of wet/dry weight ratios, In general, the best practice is to
ship samples to the analytical laboratory as soon after collection/preparation as
possible.

Sample Preparation by the Analytical Laboratory

Standard analytical procedures typically are divided into (1) the preparation steps
necessary to get the sample into a form that ean be analyzed and (2) the actual
analytical steps. Preparation steps for biological tissues depend entirely on the type
of tissue (e.g., hair, organ, whole body, or plant tissue) and the analyte,

In general, analyses of all tissues for trace metals requires total dissolution of the
sample. Such preparation may include a step in which the sample is physically
altered by grinding or other means, followed by various chemical treatment steps,
usually involving various strong acids. The end product is a clear liguid that can
be analyzed by the appropriate process.

Analyses for organic compounds vary considerably depending on the class of
compounds. In most cases, the preparation step involves extraction of the organic
compound from the sample by some method. The extracted solution must be
cleaned to remove lipids and compounds that may interfere with the analysis.
Detailed discussion of all organic analytical methods is beyond the scope of this
document. Refer to the standard analytical methods for the compounds of interest.

Deviations From Standard Analytical Procedures

Once a sample is prepared for instrumental analysis, the differences between bio-
logical samples and other matrices are largely gone. Deviations in this area
generally relate to different quality control (QC) steps. For example, there may not
be an adequate blank sample for a biological tissue, so deionized water may be used.
Spiking procedures and expected recoveries may vary from those stated in standard
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methods. It is important, however, that the basic QC requirements of the standard
protocols be followed. There is no need to eliminate QC steps such as blanks,
internal lab duplicates, or standard reference materials just because the sample
matrix is a biological tissue.
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7 Biological Survey Methods

Biologieal survey data reflect the actual health of biological populations and
communities in the field and are indicators of the presence or absence of toxic
ecological effects. For example, if the ecological parameters (abundance and
productivity of endpoint species, species diversity, etc.) measured at a smoke-
exposed site are statistically similar to those ochserved at reference locations, the
conclusion that smokes do not adversely affect these ecological parameters
measured is supported. In contrast, significant differences between the exposed and
reference sites suggest contaminant effects; toxicity test data and conventional
toxicity data are needed to verify this conclusion.

Biological surveys may provide evidence of both direct and indirect effects of smokes
and obscurants on T&E species. To evaluate the likelihood of indirect effects,
condition and availability of habitat and food required by the T&E species must be
measured, in addition to the abundance and productivity of the endpoint species
itself. Methods that may be used to collect these data are summarized in the
following sections. Although some methods are described in reference to a
particular taxon, with slight modification they may also be applied to other taxa.

Plants : P i . -
Monitoring Abundance and Distribution of T&E Plants

Threatened and endangered plant species have specific habitat requirements that
will aid in field investigations to locate these species. These requirements may
include soil type and drainage, degree of slope, direction of slope, degree of shading,
elevation, or presence and density of other plants. In rare cases, a specific polli-
nator may be required. Contacts within the USFWS or appropriate state agencies
can provide specific information on habitat requirements. Literature sources such
as the World Wildlife Fund's (WWF's) endangered species guides (Lowe, Matthews,
and Moseley 1994) also provide general information on habitat requirements,

Once suitable habitat has been identified, a competent field botanist who is familiar
with the plant species should survey the area. Although a thorough inventory of the
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suitable habitat is desirable, it may be necessary to use transects for low-growing
or cryptie plants or where the size of the area precludes a complete inventory.

The botanist should mark the location of any individual plants found and note
whether the plants are showing any obvious signs of stress. Locations of specific
T&E plants can be mapped using standard surveying techniques or with portable
global positioning system (GPS) units (provided a means of correcting for dithering
error is used). This map can be used to guide decisions about changes in locations
where smokes and obscurants are used. Also, over time, repeated field surveys and
mapping will provide a picture of how the population is responding to exposure or
remedial actions.

Monitoring To Identify Habitat Suitable for T&E Wildlife Species

Plants provide the most important component of habitat requirements for T&E
wildlife species. Most T&E wildlife species are threatened or endangered primarily
because of loss of critical habitat. Identifying the presence of suitable habitat (over
a large enough area) is the first step in determining whether a given T&E species
is likely to be present, Also, for many T&E wildlife species, the USFWS or
appropriate state agency considers preservation of critical habitat analogous to
protection of the species.

Three basic habitat variables can be directly measured and used to predict habitat
suitability: foliage density, species composition, and fruit production (Anderson and
Ohmart 1986). Of these, species composition is perhaps most useful for many
rodent and bird species (Anderson and Ohmart 1986). A number of other variables
can be derived from these basic measurements, but these indirect variables may be
less helpful in locating habitat for specific wildlife species.

Foliage density is the amount of foliage per unit area or to the extent of CANODY
cover. Plant density (the number of plants per unit area) is not the same as foliage
density. Foliage density generally is measured at different vertical levels within the
vegetation. Canopy-cover requirements for species may be related to types of vege-
tation such as herbs, shrubs (defined either by height or diameter limits), or
overstory. Habitat requirements for some species (e.g., cavity nesters) may include
a minimum number of snags (dead trees) or downed logs per area. Other species
(e.g., small mammals, amphibians, and invertebrates) may require a degree of
forest floor litter cover.

Foliage density can most easily be measured using a transect system. Transects are
established either randomly or in representative areas, At predetermined points
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along each transect (e.g., every 5 m), the canopy cover or foliage density is measured
at each desired vertical level. Quadrat methods may be used alone or in conjunction
with transects. Quadrats are predetermined areas (frequently 1 by 1 m squares or
1-m-diameter circles) that are sampled to estimate the foliage density or canopy
cover, Transect and quadrat methods are best suited for use with low-growing
species or large areas. Further details on these methods are in Hays, Summers,
and Sietz (1981), Anderson and Ohmart (1986), and Higgins et al. (1994).

Fruit production refers to the quantity of fruit produced by plants, These items can
be attractive to some T&E wildlife species of interest. Mast surveys conducted by
many state wildlife agencies are an example of this parameter. For many species
of plants, fruit production does not correlate well with the number of individual
plants present (Anderson and Ohmart 1986). In these cases, it may be necessary
to measure fruit production for a representative number of individual plants.

For certain species (e.g., some birds) the degree of patchiness or the amount of edge
habitat per unit area may be important. These parameters are best measured from
large-scale vegetation cover maps derived from aerial or satellite data. The use of
computerized geographic information system (GIS) procedures can greatly enhance
analysis of habitat patchiness.

Birds

Biological survey methods for birds include four categories: population survey, nest
study, food habit survey, and habitat evaluation. Habitat evaluation methods [beus
primarily on measurements of plant distribution and structure of the vegetation
community and are discussed in the “Plants” section of this chapter. Representa-
tive methods for the remaining categories are described in the following.

Avian Population Survey Methods

Many methods are available to determine the abundance, density, and spatial dis-
tribution of birds. These methods may be used to census populations of a single spe-
cies (i.e,, the T&E species of interest) or to census the entire avian community in a
given area, The commonly used methods include territory mapping, transects, point
counts, mark-recapture, song-tapes, aerial counts, and habitat-focused sUrveys.

Territory mapping. Territory mapping is among the most accurate and reliable
methods for determining bird population density (Wakely 1987a). This method
consists of using a sampling grid to plot (by individual species) the locations of birds
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seen or heard during eight to ten repeat visits (Verner 1385, Ryder 1986; Wakely
1987a). Clusters of observations are assumed to represent the center of activity for
individual territories. The total number of birds on a plot is then estimated by
summing the number of clusters (e.g., territories) and multiplying by two (assuming
an even sex ratio) (Verner 1985). This method works best for species that sing con-
spicuously from within their territories (e.g., most passerines). It is not well suited
for birds that frequently sing within the boundaries of a conspecific's territory, quiet
or secretive species, nonterritorial birds (e.g., floaters), or species with territories
larger than the study plot (Verner 1985). Also, because the efficacy of this method
depends on territorial behavior, it is useful only during the breeding season (except
for birds that maintain year-round territories). This method also requires consider-
able time to lay out and mark the sampling plot and for repeated visits. Additional
limitations of territory mapping are summarized by Oelke (1981).

Falls (1981) reports that detection of individuals may be enhanced by using play-
back of recorded songs. Birds defend their territories in response to the recorded
song and their singing locations indicate a territory's boundary.

The consecutive-flush technique (Whitmore 1982; Verner 1985) may be used to
reduce the number of plot visits needed to complete a territory map. An observer
simply approaches a singing bird until it flushes. Its initial position, line of flight,
and landing position are then recorded on the plot map. The observer again
approaches and flushes the bird and records its movement. The process is repeated
until at least 20 consecutive flushes have been mapped. This technique is most
applicable in open habitats such as grasslands or marshes, where an observer may
keep a individual bird under constant observation. Flushing may also help
delineate territory boundaries in forested habitats (Verner 1985),

Transects. Transect census methods consist of counting birds either seen or heard
along one or both sides of a line through one or more habitats (Ryder 1986). Tran-
sects are more flexible than are mapping methods. Because they do not depend on
territoriality, their use is not restricted to the breeding season. In addition, they
may detect both floaters and juveniles. Verner (1985) defines three general types
of transects:

1. Line transects without distance estimates. The observer simply walks a
preset line and records all birds seen or heard, without measuring or
estimating distances to the birds. This is an efficient method for generating
lists of species. However, the results cannot be used to estimate density
because the area sampled is unknown. Data may be used for intraspecies or
interspecies comparisons (either temporal or spatial), if it is assumed that all
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individuals or species are equally detectable in all samples and factors that
affect detectability are similar among all samples.

2. Variable-width line transects. This is the most commonly used transect
method. Perpendicular distances from the transect line to birds detected are
measured or estimated. These observations are then used to estimate the area
sampled and, thus, bird density.

3.  Belt transects. This method is essentially a line transect with fixed bound-
aries (usually 25 to 50 m on either side of the line), within which all birds seen
or heard are counted. This is a simpler method than the variable-width
transect method because the observer need only estimate one distance, the
belt width. Density estimates are obtained by dividing the total number of
birds observed by the area of the belt.

Burnham, Anderson, and Laake (1980) provide a very detailed discussion of line-
transect techniques, applications, and data analysis methods. Additional discussion
is provided in Wakely (1987b). Analytical methods for line-transect data are
discussed by Krebs (1959),

Point counts. Point counts consist of counting the number of birds seen or heard
for a fixed time in all directions from a single point. Similar to transects, distances
around the sampling point may be undefined, fixed, or variable (Verner 1985). With
the variable circular plot method (Reynolds, Scott, and Nussbaum 1980), the dis-
tance from the sampling point to the bird is estimated. This distance is then used
to estimate the population density. Because point counts do not depend on terri-
torial behavior, they may be performed year-round. Best results, however, are oh-
tained during the breeding season. Although point counts may be performed in any
habitat where transect sampling would be applicable, they are best suited for steep,
rugged, or thickly vegetated habitats where observer movement along the transect
may disturb birds and interfere with their detection (Reynolds, Scott, and
Nussbaum 1980; Ryder 1986; Wakely 1987¢). Use of point counts to survey birds
in bottomland hardwood forests is discussed by Smith et al. (1993),

Mark-recapture. The ratio of marked individuals to unmarked individuals may be
used to estimate population size. Population size and area sampled can then be
used to estimate density. Karr (1981) suggests using mist nets (see Chapter 6,
Birds, Methods) to capture and color-band birds for population studies. Although
mark-recapture is not considered an efficient population eensus method for birds
(Verner 1985; Ryder 1986), it may provide very useful information, particularly in
studies of T&E species. For example, mark-recapture data may be used to identify
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the number of pairs of a species that are present, to distinguish migrants from resi-
dents and breeders from nonbreeders, or to identify ranges or territorial boundaries
for individual birds (Ryder 1986). Additional discussion of the use of mark-recap-
ture to estimate avian populations is presented by Nichols et al. (1981) and Jolly
(1981). Analytical methods for mark-recapture data are discussed by Krebs (1989).

Song tapes. Censusing inconspicuous or secretive birds (i.e., nocturnal, marsh, or
some forest birds) may be very difficult. Johnson et al. ( 1981) and Marion, O'Meara,
and Mohair (1981) suggest that song tapes may be used to perform relative or
absolute censuses for these species. By playing recordings in different areas and
recording occurrence and number of responses, presence, abundance, and density
may be estimated,

Aerial counts. Large flocks of waterfowl and shorebirds may be photographed from
the air and later counted (Verner 1985). Aerial counts are also suggested for
breeding ospreys (Swenson 1982). Because osprey nests are large, conspicuous, and
generally placed in trees or atop artificial structures, they can be clearly observed
from the air. Census flights should be made during the ineubation period (generally
April through June) using a high-winged aircraft or a helicopter. Krehs (1989) dis-
cusses analytical methods for aerial survey data.

Habitat-focused surveys. Habitat-focused surveys are particularly suited for T&E
species. First, areas with critical habitat are identified, and then the presence,
abundance, and distribution of the target species is determined. By focusing on a
particular, critical habitat (usually nesting habitat), the likelihood of finding the
T&E species and collecting data relevant to an ERA is increased. For example,
Thompson (1982) describes a habitat-focused survey method for the red-cockaded
woodpecker.

Red-cockaded woodpeckers are a colonial-nesting T&E species that require mature,
open, fire-maintained pine forests (Thompson 1982). Survey methods for this
species rely on identification of appropriate habitat (old-growth pine forest) and
nest-trees within the habitat (large-diameter trees with clear boles and flattened
crowns). Habitat and trees within habitat may be identified using a combination
of remote sensing and ground truthing. Presence of red-cockaded woodpeckers in
an area is indicated by:

*  2-in. diameter cavities excavated in living sapwood

*  chipping of small wounds (resin wells) in the pine bark

*  flow of pine resin from cavity and resin wells, giving tree a glazed appearance
*  flaking of loose bark from the tree cavity.
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Once the presence of red-cockaded woodpeckers in an area has been verified, the
population size may be determined by observing the activity at the cavities and
counting the number of individuals observed {(Thompson 1982).

Additional information. Much has been written on avian censusing techniques.
Detailed discussions and comparisons of census methods, methods for analysis of
census data, sampling designs for avian censuses, and factors that alTect census
results are presented in Ralph and Scott (1981). Chapters concerning census
methods for songhirds, raptors, shorebirds, waterfowl, colonial waterbirds, and
upland gamebirds may be found in Cooperrider, Boyd, and Stuart (1986). Davis
(1982a) presents census methods specifically for 43 species of birds and 14 groups
of birds or birds in specific habitats.

Avian Nest Study Methods

The nesting stage is critical for all birds. Any environmental factors that affect
birds during this stage and reduce recruitment may have adverse population effects.
One way to evaluate whether recruitment is being affected is to calculate nest
success,

The Mayfield method is the most common way of calculating nest suceess (Mayfield
1975). This method considers the survival of a nest over the time that it is
observed. In practice, the daily survival rate is estimated by dividing the total
number of young or eggs lost by the total number of days the nest has been ohserved
and subtracting this quotient from 1. This value represents the probability of
survival for the nest during that period. By analyzing the time frame of the
different nesting stages (i.e., laying, incubating, nestling, etc.), investigators can
identify the stage at which mortality is occurring. Applications and mathematieal
validity of the Mayfield method are discussed by Miller and Johnson (1978),
Johnson (1979), Hensler and Nichols (1981}, and Winterstein (1992),

Nest attentiveness is another factor that may affect nest success and, thus, recruit-
ment. Grue, Powell, and McChesney (1982) observed that European starlings
exposed to a sublethal organophosphate insecticide dose fed their nestlings less fre-
quently and were away from the nest longer. Nestlings in nests of exposed birds
lost weight. Because fledging weight is correlated with survival (Perrins 1965),
altered nest attentiveness may cause negative impacts to avian populationa.

Methods to monitor nest attentiveness or activity include visual observations (e.g.,
Heagy and Best 1983), time-lapse cameras (e.g., Grundel and Dahlsten 1991). tele-
metric eggs (e.g., Varney and Ellis 1974), and radio-equipped birds (e.g., Licht et al.
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1988). Additional methods for cavity nesting birds are discussed by Mallory and
Weatherhead (1992),

Avian Food Habit Study Methods

Food habit studies have two primary applications in risk assessment. First, they
may be used to identify and quantify contaminant exposure pathways through the
food web. Samples of food consumed, excrets, or rejecta may be collected and
analyzed for residues and to determine diet composition. Second, use-availability
studies or foraging behavior studies may be performed to evaluate if indirect effects
are occurring that may affect the energetic status of the species in question.

Methods for performing avian diet analysis have been reviewed by Rosenberg and
Cooper (1990) and are summarized in Table 3. Data may be presented as
percentage occurrence (number of samples in which a food item appears), frequency
(number of times a food item appears in a sample), or percentage volume or weight
(proportion of total sample volume or weight accounted for by a food item), To
prevent confusion and minimize bias, both frequency and volume data should be
reported. For example, an important fond type may be consumed in high volume
but low frequency. Conversely, a food of minimal importance that is highly
abundant may be observed in high frequency but low volume.

For additional discussion of methods and approaches to investigating avian eating
habits, consult Morrison et al. ( 1990). This volume includes papers that discuss
approaches to quantifying diets, design and analysis of foraging behavior studies,
use-availability analysis, energetics, and foraging theory. Additional methods for
analysis of use-availability data, niche overlap, and dietary data are described in
Krebs (1989).

Mammals

Most T&E mammal species are nocturnal (e.g., most carnivores) and/or cryptic (e.g.,
shrews). Thus, unlike some other taxa (e.g., birds), direct observation and counting
are feasible only for a few mammal species. In addition, census methods for most
mammals are notoriously inaccurate and mammal populations tend to fluctuate
greatly. For most mammals, therefore, measurement of demographic effects (e.g.,
changes in population sizes) is unlikely to provide valid comparisons between con-
taminated and reference gites. For these reasons and because the unit of
assessment for T&E species is the individual rather than the population (see
Chapter 2), this section focuses primarily on methods for determining the presence
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and distribution of mammals. Some of these methods, if used in a rigorously
designed approach, may also be suitable for estimating population sizes.

Three general approaches to biological surveys of mammals have heen widely used:

habitat suitability surveys, direct measurements {e.g., observation of the animal or

trapping), and indirect methods (e.g., scat surveys or scent stations). Because direct

and indirect measurements are hoth time-consuming and expensive, the best
strategy is to first determine whether suitable habitat exists in the target area. If
suitable habitat does exist, then either direct or indirect methods may be used to

Table 3. Comparison of common methods used to obtain avian diet samples.

Method

Advantages

Disadvantages

Example of Use

Direct examination of
coliected birds

Chemical emelics

Stomach pumping

Fecal samples

Ligaturas

Pellets

Direct abservation
{adult birds)

Direct obeervation
[nestings)

Photography

Whole stornachs collected:;
it shot, then exact bird
desired can be obiained.

Birds not directly killed,

Birds not killed

Birds disturbed minimally;
samples easily obtained.

Arthropad pray usually
intact; can be effective
when combined with direct
ochservation.

Birds not disturbed;
samples easily obiained;
keys to mammal skulls and
nair available.

Birds not disturbed;
foraging behaviors that
resull in prey captures are
obsarved.

Birds not disturbad; can be
effective when used in
conjunction with ligatures.

Birds not disturbed;
automatic movie cameras
provide many samples for
little effort.

Birds are killed; multiple
samples from one bird not
possible.

Martality may still be
substantial; multiple samples
from ona bird often results in
mortality; birds must be
captured; partial samples
obtained; unsuitable for some
spacias

Birds must be captured;
partial samples cbtainad

Birds usually must be
caplured; samples highly
fragmented; samples must be
trealed before analysis.

Restricted to nestlings;
feading behavior and survival
can be affecled: estimates of
prey size can be biased.

Restricted to pellet forming
species; may be biased by
prey type, size.

Difficult for insectivarous
birds; observations biased
towards large conspicuous
pray.

Time consuming; labor
intensive; biased as above,

Restricted to nestlings;
equipment relatively
expensive; hand-operated
cameras time consuming,
labor intensive.

Rotenberry (1980)
Sherry (1984)

Zach and Falls (1978),
Robinson and Holmes (1582),
Gavett and Wakely (1988)

Moody (1970)

Ralph et al. (1985)

Johnson et al. (1980)

Erringion (1930)

Robinson and Holmes (1982),
Price (1987)

Johnson et al. (1980)

Royama (1959, 1970},
Dahlsien and Copper (1873)

Source: Rosenberg and Cooper (1930).
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determine if the T&E mammal is present and to estimate the species distribution
and, possibly, abundance.

Habitat Suitability Measurements

As discussed in the plant portion of this chapter, animal habitats are governed
largely by the taxonomic composition and structure of the plant community, Habi-
tat information for T&E species is available from a number of sources. The USFWS
has developed a habitat evaluation program and a number of habitat suitability
models for individual species. USFWS contacts for many endangered species are
listed in the WWF’s three-volume set on endangered species (Lowe, Matthews, and
Moseley 1994). Each of these USFWS contacts should be able to identify key habi-
tat requirements for the species of concern. Lowe, Matthews, and Moseley (1994)
also presents a summary of habitat requirements and a brief bibliography for each
species covered. For those species not covered, search the open literature and make
contacts with regional USFWS offices and appropriate state wildlife agencies,

Once habitat requirements for a given T&E species are known, the area likely to be
impacted by smokes and obscurants should be surveyed to determine if suitable
habitat is present. Habitat survey methods related to plants were reviewed briefly
earlier in this chapter. Other survey technigues are included in Cooperrider, Boyd,
and Stuart (1986); Hays, Summers, and Sietz (1981); and Higgins et al. (1994).

GISs should be considered to facilitate the comparison of areas containing suitable
habitat for T&E species and smoke-impacted areas. Koeln, Cowardin, and Strong
(1994) review the application of GIS technology to wildlife habitat evaluation.

Direct Methods of Surveying Mammals

Direct observation of nonflying mammals. Direct observation is rarely a reliable
method for surveying mammals, especially in forested habitats. However, in open
terrain, some large mammals can be censused by aerial surveys. This is especially
effective for large ungulates such as elk and bighorn sheep (Davis 1982a) and
wolves (Fuller 1982). Other direct observation methods are described in Davis
(1982a).

Another technique that is used frequently with predators is vocalization surveys,
which may be of two types. In the first type, a recording of the animal of concern
1s played and the number and direction of responses are noted. In the second type,
a recording of a wounded prey animal is played, which may elicit movement of the
predator into observation range.
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Trapping of nonflying mammals. Where direct observation is not possible, many
mammal populations may be surveyed by trapping. Trapping of T&E species
requires special permits from the USFWS (for Federally listed species) ar the
appropriate state (for state-listed species). A critical concern in trapping T&E
species is that virtnally all trapping systems involve some risk of injury or death to
the captured animal. Because the unit of risk assessment for T&E species is the
individual, trap-related death or injury is a serious concern. Sampling plans and
permit applications must include steps to mitigate or minimize this risk. USFWS
permitting procedures require a 30-day public comment period and resolution of
comments. Therefore, permit applications must be submitted months in advance
of anticipated field work.

Trapping of some mammal species was described in Chapter 6. Additional trapping
techniques are discussed by Davis (1982a), Cooperrider, Boyd, and Stuart ( 1986),
and Schemnitz (1994). Health concerns related to disease transmission are
significant when handling wild animals. Rabies, hanta virus, tetanus, and various
parasites may be transferred to humans, sometimes with fatal results. See Chapter
6, Mammeals for a discussion of precautions related to these health concerns.

If population or distribution information is desired, trapping the animal is only the
first step. Various techniques have been used for population estimation by means
of repeated captures of marked and unmarked animals (Davis 1982b). Home range
information can be obtained by radiotelemetry (Samuel and Fuller 1994: Davis
1982a), but telemetry is most effective for larger animals (i.e., minks or larger).

Indirect Methods for Nonflying Mammals

For T&E species, indirect methods offer the advantage that they do not involve
harassment or possible harm to the animal. They also do not require issuance of
USFWS or state permits. Probably the two most widely used indirect methods of
surveying for the presence and distribution of animals are seat (fecal material)
surveys and scent stations (Morrison et al. 1981). Both methods can provide
evidence of the presence of an animal at a specific location.

Scat surveys are generally accomplished by laying out a series of transects through
the area of interest and collecting seats from those transects. Various resources
exist to facilitate the identification of scats (e.g., Murie 1974). Scat surveys are also
useful in determining the dietary composition of the animals of interest.

Scent stations are generally small (e.g., 1-m-diameter) areas, cleared and prepared
with a smooth tracking surface (e.g., powdered lime, sand, or sifted dirt). A scent
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atiractive to the species of interest is placed near the middle of the prepared
surface. Scent stations are laid out on a transect along travel routes used by the
animals of interest. When the station is unattended (typically overnight), animals
visiting the scent leave their tracks in the surface. When the researcher next visits
the station, the tracks can be identified. This technique relies on the tracking skill
of the researcher and favorable weather conditions, since rain or wind can destroy
tracks and the station.

Surveys of Bats

Bats are one of the few orders of mammals that can be adeguately surveyed via
direct methods. In fact, indirect methods are much less effective than direct
methods for bats. Survey and census methods for bats are reviewed by Thomas and
LaVal (1988). Kunz and Kurda (1988) describe bat collection techniques. Of course,
the permitting and injury minimization issues discussed earlier in this chapter
apply equally to bats. Health precautions for bat researchers are discussed by Con-
stantine (1988). Fenton (1988) discusses the use of vocalization recording to
identify and survey for bats. Techniques for reproductive assessment, food habits
analysis, and other ecological monitoring are described in Kunz (1988b).

Reptiles and Amphibians
Habitat Evaluation

Habitat and microhabitats can play a eritical role in the presence or absence of rep-
tiles and amphibians. Jones (1986) considers horizontal and vertical vegetation
habitat availability to be the most important factors affecting reptile and amphibian
distribution and habitat use. Hahitat availability is considered more important
than food abundance in species distribution for terrestrial reptiles; the inverse is
true for aguatic and subaquatic species (Reynolds and Scott 1982). For example,
certain basking turtles can be eliminated from ponds if floating logs are removed
(Jones 1986). Soil type is an important limiting factor for tortoises (Luckenbach
1982); the soil must be loose enough for digging but firm enough so that burrows
will not collapse. Amphibians are restricted to areas that contain suitably moist or
wet habitats. Free-standing water may be required for larval frogs, toads, and sala-
manders to develop to the adult stages. Many salamanders require moist rotting
logs or leaf litter, both for egg development and adult survival (Stebbins 1966).

To determine the presence, quantity, and quality of eritical habitat for T&E reptile
and amphibian species at a smoke-exposed site, a habitat survey must be
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performed. A description of eritical habitat should include the general type of
aquatic and/or terrestrial habitat (e.g., large river, spring, swamp, pond, forest,
grassland, or desert) and proceed through the microhabitat. The microhabitat
description should focus on habitat required for breeding (e.g., egg, larval, or
Jjuvenile habitat), adult survival, and needs and food requirements of each life stage.
The assessment of microhabitats should include a determination of accessibility
between these areas and other microhabitats required by the T&E species and
possible barriers between microhabitate. Survey methods for aquatic habitats are
outlined in Chapter 7, Fish, Habitat Assessment. Similar techniques generally
can be used to evaluate habitat for aquatic reptiles and amphibians.

Surveys of terrestrial habitats may include a description of the general habitat type
(e.g., grassland or upland forest), soil composition, slope aspect, vegetative cover,
leaf litter, air temperature, humidity, and rainfall. Many texts, papers, and
manuals contain detailed descriptions of methods for vegetation sampling and
analysis and habitat evaluation (e.g., Mueller-Dombis and Ellenberg 1974; Hays,
Summers, and Sietz 1981; Greig-Smith 1983; EPA 1989: and Bookhout 1994). Vogt
and Hine (1982) describe a simple method for herpetofaunal habitat assessment.
Beiswenger (1988) provides techniques on amphibian habitat description and
modeling. Additional information pertaining to terrestrial habitat survey methods
are presented in Chapter 7, Plants, Monitoring To Identify Habitat Suitable
for T&E Species.

Sampling Techniques

Methods selected to sample reptiles and amphibians will vary depending on the
type of habitat, time of year, weather conditions, and age of target species.
Although some techniques are more effective than others, careful consideration
must be given to the rates of injury and mortality associated with the various
methods, especially when dealing with T&E species. Some methods are lethal to
many or most individuals being collected (e.g., shooting, baited hook, and
chemicals). These methods are not suitable for sampling T&E species, but may be
used to collect non-T&E species for residue analysis. Representative techniques for
censusing and sampling reptiles and amphibians in aquatic and terrestrial habitats
are listed in the following sections. Additional methods for amphibians (many also
applicable to reptiles) may be found in Heyer et al. (1994).

Seining. The use of small-mesh seines (7 mm or smaller) is moderately effective for
sampling of aquatic salamanders, frogs, snakes, and turtles (Jones 1986). This
method generally requires at least two people to operate the seine, Other personnel
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are beneficial for disturbing the substrate, blocking potential escape routes, and
handling the catch,

Gigging. Gigs may be very effective for sampling frogs but are less effective for
aquatic snakes. Gigging is usually done at night with headlamps. It may be done
alone, butl safety considerations make this inadvisable. A disadvantage of this
method is that it sacrifices the organism.

Electrofishing. Although developed for sampling fish, electrofishing may also be
very effective for aquatic salamanders and agquatic snakes (Jones 1986). This
method occasionally yields turtles, sirens, and hellbenders. Electrofishing requires
two or more people (a shocker and a netter) and is most effective in shallow water
(streams, ponds, and shallow rivers). Deep-water habitats (lakes, reservoirs, and
embayments) may be shocked from boats, but this approach is probably less
effective for most herpetofauna than for fish. One disadvantage to electroshocking
Is that it may cause some mortality, especially in hot weather. See the fish
sampling methods portion of this chapter for further details.

Nets and traps. Numerous types of nets and traps are available for sampling
herpetofauna. Traps are generally effective for alligators, turtles, and snakes,
Stebbins (1966), Conant (1975), and Shine (1986) discuss various aquatic trapping
methods. Some traps may be set by one person. To prevent inadvertent mortality
from trapping, traps should be checked at least daily (trap mortality is generally
low if checked often). Aquatic traps should be set partially above water line to
permitl the captured organisms to breathe. Forster (1991) reports a gill-netting
technique for alligators. Haul seines and cast nets have also been used to capture
alligators (Chabreck 1963).

Shooting. Firearms can be effective for sampling frogs, turtles, and alligators.
Frogs and alligators may be sampled at night using headlamps or hand-held
spotlights. Firearm sampling requires experienced personnel and striet adherence
to safety procedures. Accurate, high-powered air rifles (for frogs only), 0.22 rimfire
(if ricochets do not pose a human hazard), or shotguns (preferable for collecting
alligators) may be used. Although sampling of frogs and turtles may be performed
by a single investigator, this is not advisable. Disadvantages of this method include
injury or mortality to specimens and metal contamination from projectiles.

Baited hook. This method is effective for turtles and alligators. Use of baited hooks
is not recommended when T&E species may be present because mortality may be
extremely high.
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Noosing. Noosing is a live-capture technique for alligators. This method requires
two or more experienced personnel, It is generally done at night from boat or
airboat, using a hand-held spotlight to immobilize the animal. Mortality from
noosing is presumed to be low.

Chemicals. Reptiles and amphibians may be collected using chemicals in a manner
similar to that used for fish (see Chapter 7, Fish Sampling Methods).

Drift fences and pitfall or funnel traps. Pitfall traps consist of a cup or bucket
buried to the rim in the ground. They are effective for sampling many species of
reptiles and amphibians, including lizards, skinks, salamanders, small turtles,
small snakes, and toads. They are not effective for large or arboreal snakes or
treefrogs. Trapping success is generally expressed as individuals per trap night
(TN) or per 100 TN (Vagt and Hine 1982, Mengak and Guynn 1887, Bury and Corn
1987). Funnel traps are wire enclosures with funnel-shaped entrances through
which reptiles and amphibians may enter easily but have difficulty exiting. Funnel
traps are deployed above ground and are generally used with drift fences. However,
they also have been successfully deployed along logs and rock ledges (Fitch 1951).
Funnel traps are more effective than pitfall traps for snakes and lizards (Vogt and
Hine 1982). Construction of a drift fence array requires approximately 5 person-
hours, but little maintenance is needed thereafter (Campbell and Christman 1982).
Use and efficiencies of drift fences are discussed further by Gibbons and Bennett
(1974), Bennett, Gibbons, and Glanville (1980), and Friend (1984).

Cover boards. Relative abundance of terrestrial salamanders may be estimated
using cover boards (DeGraaf and Yamasaki 1992). Boards (1 m long x 20 cm wide
x 2.5 em thick) are laid on the ground in contact with litter along transects within
forested Eha]:u't_at. The boards simulate fallen logs, under which many terrestrial
salamanders (and other amphibians and reptiles) reside. Boards are lifted
periodically and the salamanders are either counted or collected. This method is
less labor intensive than pitfall trapping and does not degrade habitat by disturbing
litter or breaking existing logs (DeGraaf and Yamasaki 1892).

Fixed-area plots. This is an effective herpetofaunal sampling technique that
involves a thorough, manual search of a relatively small plot. Searching is
continued for a fixed amount of time (Szaro et al. 1988) or until all litter and debris
have been overturned and thoroughly examined (Bury and Haphael 1983).
Attempting to collect all individuals in a specified plot is often referred to as
quadrat collecting (Campbell and Christman 1982), A quadrat may also refer to a
particular microhabitat, such as tree buttresses (Heyer and Berven 1973).
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Time-constraint collecting. This technique consists of a timed search of specific
(prime) habitat types for certain species without using a designated plot. Time-
constraint collecting is generally efficient because it focuses on the most productive
areas or areas where individuals are most likely to be found. This method cannot
be used to estimate density or biomass per unit area because sampling is biased
toward specific habitats (Bury and Raphael 1983). Campbell and Christman (1982)
also discuss this method.

Road surveys. This quick and easy method may be used at various times of the day
and year to survey reptiles and amphibians. Slow-speed searches at night and even
surveys of road kills may yield valuable information coneerning local herpetofaunal
communities. This method has many biases and cannot be used for reliable esti-
mates of populations. However, it can save time and effort in collecting and may
yield rare and elusive species not obtained by other methods (Campbell and
Christman 1982).

Opportunistic methods. Numerous useful methods are used for censusing reptiles
and amphibians that are not true collecting methods or that have limited appli-
cation. These methods include aerial surveys (Jennings, Percival, and Abercrombie
1987; Jennings, Percival, and Woodward 1988), radiotelemetry (Jones 1986), remate
camera techniques (Spillers and Speake 1988), artificial cover techniques (Bennett,
Gibbons, and Glanville 1980; Grant et al. 1992; Mitchell, Erdle, and Pagels 1993),
frog call indices (Vogt and Hine 1982), examination of predator feces (Jones 1986),
mark-recapture techniques (Gibbons 1969; Otis et al. 1978; Ferner 1979: White et
al. 1982; and Szaro et al. 1988), and general searches such as turning over rocks,
logs, and other objects.

The seasonal activities, secretive nature, patchy distributions, and specialized habi-
tats of reptiles and amphibians make determining species oceurrence and relative
abundance difficult (Fitch 1982; Bury and Raphael 1983; Beiswenger 1988). Many
authors recommend using a combination of sampling methods to obtain a more
accurate population estimate (Bury and Raphael 1983; Friend 1984). Indices of
relative abundance (Heyer and Berven 1973; Bennett, Gibbons, and Glanville 1980;
Spellerberg 1982) and species diversity (Fleet, Clark, and Plapp 1972; Campbell and
Christman 1982) can be derived for T&E reptiles and amphibians through proper
application of sampling methods.
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Terrestrial Invertebrates

Methods for sampling of terrestrial invertebrates are presented in Chapter 6 and
Table 2. In addition to collecting samples for residue analysis, these methods may
be used along with a statistically valid sampling design to estimate population size
and density of terrestrial invertebrates (zee Chapter 5, Sampling Design: Krebs
1989; Green 1979).

Benthic Macroinvertebrates

Several sampling techniques and devices are available to quantitatively survey the
abundance and distribution of benthic macroinvertebrates. The species and hahitat
(i.e., deep vs shallow, lentic vs lotic, etc.) being sampled will at least partially
dictate final methods and devices used. Brief descriptions of several sampling
methods, including equipment requirements, manpower needs, and advantages and
limitations of each technique are given below.

Quadrat Sampling

Quadrat sampling involves collecting all substrate and organisms within a frame
placed on the bed of a lake or stream. This method is appropriate for sampling
populations of sessile organisms in mast aquatic systems. To optimize sampling
effort, various sources (i.e., commercial fishermen, literature searches, qualitative
sampling of suitable habitat) should be consulted to determine the location of target
populations before sampling begins. The generalized methad entails placing the
quadrat frame on the substrate, collecting all material within the frame to a
specified depth, and then transporting this material to the surface in buckets.
Organisms are then separated from the substrate using nested box screens,
identified, measured, and then carefully returned to the river. This method may be
of limited value because certified divers are required in deep water for safety
reasons. In addition, this sampling can be time consuming. Detailed descriptions
of these methods are available in Miller et al, (1993), Miller and Payne (1993), and
Bates and Dennis (1985).

Suction Samplers

Several studies (Mattice and Bosworth 1979: Verollet and Tachet 1978; Christie
1976; Gale and Thompson 1975) have used a suction-type sampling device for
collecting benthic organisms from large rivers.” Basically, the substrate and
associated fauna were vacuumed from a given area of the streambed into a mesh
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collection bag, which was then removed and taken to the boat or shore for
processing. Although only one person is required to operate these sampling devices,
safety concerns would suggest at least two divers, and as noted by Mattice and
Bosworth (1979), having an additional diver to change bags and transport samples
made the process more efficient. All authors reported that their devices were
efficient in collecting organisms from various substrate types. Verollet and Tachet
(1978) and Gale and Thompson (1975) reported difficulties in sampling large
organisms such as mussels and crayfish, and as noted by Gale and Thompson
(1975), this sampling method resulted in damage to some organisms, which was
attributed mainly to agitation while in the mesh collection bag. This method of
collection would appear to be extremely stressful to benthic organisms and therefore
have limited value in sampling T&E species.

Grab Samplers

Grab samplers such as the Ekman, Petersen, Ponar, and Smith-MeIntyre samplers
have been widely used in freshwater benthic sampling. These devices are designed
to engulf a portion of substrate and associated organisms, which is then hauled to
the surface for processing. These devices are generally limited to use in soft
sediments because a disadvantage of grab samplers is incomplete jaw closure,
particularly in coarse substrates (EPA 1973). Isom (1978) reviews several types of
grab samplers, their specifications, type of substrate each was designed for, and
advantages and disadvantages associated with each type. These samplers generally
require a boat equipped with a winch and at least two individuals for operation
(Isom 1978). Because relatively heavy weights are required for sampler penetration
into the substrate, unintentional mortality from erushing may oceur with this
method, potentially limiting its value for sample collection where T&E organisms
are present.

Surber and Hess Samplers

Small-area sampling devices such as the Surber and Hess samplers may be used in
small, shallow streams (e.g., Smith 1994; Smock et al. 1952; DeBrey and Lockwood
1990; Pontasch and Brusven 1988, 1989). Both the Hess and Surber samplers are
designed for use in moving water and are basically a collection net attached to a
metal frame. Samples are collected by placing the sampler in the substrate and
agitating the sediment within the frame to a predetermined depth (generally about
10 cm). Benthic organisms are then swept by the current into the collection net,
Detailed descriptions of the use of Surber and Hess samplers may be found in
numerous publications (e.g., Platts, Megahan, and Minshall 1983; Isom 1978) and
in Appendix A. These collection techniques are quick, inexpensive, and require only
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one operator, although an additional person inereases efficiency. Both samplers are
suitable for shallow stream collection of most benthie macroinvertebrates, including
oligochaetes, crustaceans, and agquatic insects; however, the current must be fairly
strong to wash heavier organisms such as bivalves and snails into the net.
Furthermore, the enclosed area (<1 sq ft') is too small to adequately sample larger
mussels, and they are not designed for sampling in water deeper than the top of the
sampler (Dennis 1985),

Corers

Coring devices can be used in both shallow and deep water to quantitatively sample
invertebrates. Williams and Hynes (1973) and Godbout and Hymnes (1982) discuss
the design and use of standpipe coring devices suitable for sampling the interstitial
spaces of coarse streambed material. The corer is driven into the substrate to a pre-
determined depth with the aid of a stake driver, a core rod is inserted into the
standpipe, and the sample is removed. Corers have also been used to sample
invertebrate populations in areas with fine particle substrates (Smock et al. 1992;
Strommer and Smock 1989). Equipment required for core sampling benthic
organisms inhabiting interstitial spaces includes an appropriate coring device as
well as any associated equipment for sample processing (e.g., sieve). Because it is
often necessary to force coring devices into the substrate, the possibility that this
method could result in injury or mortality to some organisms must be considered.

Fish

Biological surveys to evaluate potential impacts of smoke and/or obscurant chemi-
cals on T&E fish species should begin with a literature review to determine life
history characteristics and critical habitat requirements. For T&E species in the
southeast, information can be found in Smith-Vaniz (1968). Douglas (1974), Lee et
al. (1980), Trautman (1981), Becker (1983), Robison and Buchanan (1988), Etnier
and Starnes (1993), and Jenkins and Burkhead (1993). For some species,
information is summarized in the WWF Guide to Endangered Species of North
America (Lowe, Matthews, and Moseley 1994), including contact personnel with the
USFWS or other U.S. agencies.

* 1eqt=0.083
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Habitat Assessment

A description of critical habitat should include the general type of aquatic habitat
(e.g., large river or spring-fed tributary) with as much detail as possible down to a
microhabitat level. Critical habitat is generally considered to include areas for
growth, movement, nutritional requirements, reproductive and rearing sites, and
adequate cover (Sidle 1987). The assessment of habitat should also include a
determination of accessibility of these areas. Aquatic systems can be much more
isolated than terrestrial systems because of instream barriers.

In most cases, the literature should provide sufficient detail to direct the habitat
surveys in the field. If detail is lacking for a species, it may be necessary to use that
in literature on a similar species. In most cases, this surrogate species will be
within the same subgenus or genus classification. Once a detailed search pattern
has been identified, maps, aerial photographs, or other descriptions of the base can
be used to prioritize field surveys. Field surveys will focus on identifying, guanti-
fying, and assessing potential critical habitat. General techniques for the field
surveys are outlined in the following sections.

Habitat survey techniques. The two basic types of aquatic habitat are still (lentic)
and running (lotic) water systems. Key components for both habitats include size,
physical characteristics, chemical characteristies, and the riparian zone.

The size of an aquatic system can be measured in several ways, The total
watershed area, or the area drained by all tributaries in a system, can be a
significant determinant of size. The stream order classification system rates
streams based on the number of tributaries within the system. This size indicator
1s widely used, but potentially misleading (Hynes 1970). Other measures of size are
stream length, width, depth (midstream and shore), and surface area. Stream
discharge is a functional assessment of stream size (Hynes 1970). The discharge is
a combination of the stream width, depth, and water velocities for a particular
transect. Combinations of these measures also have been recommended (Hughes
and Omernik 1983). Techniques for measuring these size variables can be found in
Hynes (1970), Platts, Megahan, and Minshall (1983), and Armour, Burnham, and
Platts (1983).

Physical characteristics of stream habitat greatly influence the suitability of a reach
for the target species. The physical characteristics reflect both variables of the
water column and stream channel or lake basin and include water velocity,
temperature, bank/shore structure, substrate, cover, turbidity/sediment loading,
and system accessibility. Techniques to measure these variables are discussed in
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Platts, Megahan, and Minshall (1983), Orth (1983), Bain, Finn, and Booke (1985),
Platts et al. (1987), Bain (1988), and Baltz (1990).

Within a stream reach, there are smaller habitat types that incorporate many of the
unique physical characteristics required by a T&E fish species. These microhabi-
tats include riffle, run, glide, pool, and pocket water (Platts, Megahan, and Minshall
1883) defined by a combination of water velocity, depth, gradient, substrate type,
and cover. Riffles represent shallow areas with faster currents and form some of
the most important stream areas for spawning and production of food. Pools are
deeper areas with slow water velocity that usually contain high numbers of fish and
often are primary rearing areas for Juveniles. For many fish species, the combina-
tion of a riffle and pool habitat is a critical habitat requirement.,

Chemical characteristies of the water in aquatic habitats can be important
determinants of whether a physically suitable site will support any T&E fish
species. Important chemical variables include dissolved oxygen, alkalinity, pH,
hardness, and conductivity. Unless specified in a critical habitat description for a
T&E species, a value within the normal range for any of these parameters should
be sufficient.

The vegetative area surrounding the aquatic habitat can greatly influence both
physical and chemical characteristics of the system. This area, the riparian zone,
also acts as a buffer for potential impacts from human activities (e.g., farming and
logging) that increase sediment runoff or chemical inputs. Important variables for
the quality of the riparian zone include sufficient width, amount and types of
vegetation, land use, and amount of canopy or shading (Platts et al. 1987).

An obvious requirement for any habitat to be suitable for the T&E species is that
the sites be accessible to the rest of the system. If a T&E species cannot swim to the
site because of physieal (e g., dams) or chemical (e.g., presence of a toxicant plume)
barriers, it does not matter how suitable all the other parameters of that site are.
Many factors can act as barriers, including those that may be intermittent or
temporal.

Habitat assessment indices or models. The evaluation of the habitat and
especially the determination of whether sufficient critical habitat exists on a
particular military installation can be facilitated by the use of habitat assessment
indices or models. Habitat assessment indices provide a standard framework so
that all assessments are comparable among sites and, if necessary, between
installations. Many indices have been proposed (see Table 4 for some examples) for
stream systems and a few for lake or reservoir systems. A widely published
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approach is the use of the Habitat Suitability Index, which incorporates a detailed
assessment of physical, chemical, riparian, and land-use characteristics into a
model system (Terrell et al. 1982). The index values are combined with computer
models that use known or estimated life-history characteristies for individual fish
species Lo provide a predicted impact assessment for that species. The model is
developed for both lentic and lotic aguatic systems.

Fish Sampling Methods
In addition to characterizing and quantifying the critical habitat at a site, the

population dynamics of the target species must be measured. A wide range of
variables can be measured to gauge impacts at the population level, and numerous

Table 4. Examples of habitat indices or models used to assess habilat quality of streams.

Model/index Farameters’ Reference
Habitat Quality Index late summer flow sireambank stability Binns 1977
{Hah annual flow variation fish food abundance

stream velocity fish food diversity

cover nitrate concentration

widih maximum summer

walter temperature

Clualitative Habitat substrate type Hloodplain quality Rankin 1989
Evaluation Index substrate guality bank erosion
(QHEL) instream cover type maximum depth

instream cover amount current available

channel sinuosity pool morphology

channsi development rifflefrun depth

channelization fiffle substrate stability

channel stability rifiie embeddednass

fiparian width gradient
Habitat Suitability Many variables, including: temperatura (fry) Terrell et al,
Index Mode| percent cover temperature (juvenila) 1882

substrate type turbidity

percent pools dissolved oxygen _

average dischargs maximum stream dapth

average current velocity avaerage slream widih

temperature (adult)
Riparian, Channal, land use channel sadiments Petersen 1992
and Environmental riparian zone width stream-bank struciure
Inventory riparian zone completeness  bank undercutting

fiparian zone vegetation substrate

retention devices riffles

channel structure pools

‘For same models, not all parameters are listad.
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sampling techniques can be applied to collect the appropriate data. The following
sections briefly review the applicable techniques.

Seines and mobile nets, Small seines are perhaps the most common and one of the
least expensive types of gear for sampling fish (Etnier and Starnes 1993). Basically,
4 seine is a fine-mesh net (of varying length and height) fastened to two end poles
(brailes). Floats are normally attached to the top line and metal weights or lead
attached to the bottom line. The seine can be pulled through still or slow current
habitats or held in place in faster currents. Detailed capture techniques are
described in Etnier and Starnes (1993). Using a small seine technique includes
these advantages: (1) low equipment cost, (2) small number of samplers required,
and (3) low stress to target species, Disadvantages of a small seine technique
include: (1) extensive sample effort required to cover large areas, (2) inefficient at
sampling adults of large or fast swimming fish, (3) inefficient at sampling deep
water habitats and areas with lots of cover (e.g., stumps), and (4) difficult to obtain
good quantitative data (Lyons 1986). In general, seines are most useful for smaller
aquatic habitats, including springs, headwaters, streams, shore areas in medium-
s1ze rivers, and shallow lakes or ponds. Also, seines are more effective if the target
species is small, benthic-inhabiting (e.g., darters), or not a structure-associated
species (e.g., midwater shiners).

To capture fish in large rivers, lakes, and reservoirs, technicians on boats deplay
larger seines or nets such as beach seines, trawls, and purse seines. A beach seine
is a long net (50 to 100 m) with an attached pocket or bag. Trawls are bag nets with
leading wings that operate by being pulled through the water and sweeping fish
into the net. They can be the most effective technique for sampling deep water
habitats (Etnier and Starnes 1993). Purse seines are long nets with a cinching line
on the bottom edge. They are deployed in a circle to surround fish, the bottom is
cinched tight to form a bag, and the encircled fish are hauled into a boat by winch.
These types of nets can capture large numbers of fish with limited personnel but
can be stressful to the captured fish. More detailed discussions on purse seines and
trawls are in Dahm (1980), Hayes (1983), and Lopez-Rojas, Lundberg, and Marsh
{1984).

Electrofishing. Another very common sampling technigue is the use of electric
current to stun and capture fish. Electrofishing relies on a gasoline- or battery-
powered generator to supply eleetric current (pulsed DC is most common) to a set
of probes, which are placed in the water. The current passes from the cathode to
the anode probe or plate. Fish in the vicinity of the electric field are immobilized
through muscle contractions and can be captured easi ly by netters. The generators
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can be of varying design and size, which allows the samplers to use backpack, shore,
or boat placement.

The advantages of electrofishers include: (1) effectiveness in sampling juveniles and
adults of most species, (2) effectiveness in sampling structurally complex habitats,
(3) efficiency in capturing a large percentage of the individuals in an area, and (4)
efficiency in sampling large areas in a relatively limited time. Numerous studies
indicate that under proper conditions, electrofishing can be the most effective
sampling technique (Jacobs and Swink 1982: Wiley and Tsai 1983; Layher and
Maughan 1984). Disadvantages of electrofishers inelude (1) produces stress or
fatality in a certain percentage of stunned individuals, (2) is less effective on benthie
or deep water species, (3) requires clear water for most effective sampling, (4) is less
effective in low- or high-conductivity water, and (5) poses potential safety problems
because of high voltage and/or use of gasoline. Backpack, shore, electric seines
(Bayley, Larimore, and Dowling 1989), and small boat units work effectively in
springs, headwaters, streams, and medium-size rivers. Larger boat units are more
effective in larger rivers, lakes, and reservoirs. In larger streams and rivers,
electrofishing at night can also increase the number of species and individuals
captured. Additional information on electrofishing is in Hartley (1980) and
Reynolds (1983).

Stationary nets or traps. A wide variety of stationary nets and traps are used to
sample fish populations. The two basic types are (1) nets that snag or entangle fish
and (2) traps or net arrangements that provide a holding area into which fish are
enticed. The most common entanglement nets are gill nets and trammel nets that
use an open mesh through which fish attempt to swim. As the fish attempts to pass
through, gill covers or fins become snagged on the fine filament netting. After a
certain period of deployment, the nets are checked and captured fish are removed.
These nets can be quite long and deep, and varied placement can cover a variety of
habitats or water column depths. They are generally more effective in turbid water
and areas without snags (Hubert 1983).

Advantages of these sampling nets include: (1) effective for a variety of larger fish
sizes (depending on mesh size used), (2) effective for sampling deep areas not
accessible by other techniques, and (3) effective for fast swimmers or schooling
species. Disadvantages of the gill nets include: (1) snagged fish can be severely
injured or killed even if nets are checked frequently, (2) any one gill net mesh size
will sample only a limited size of fish, (3) nontarget species {e.g., shad species) can
be captured at high rates with resulting increase in sampling time and total
mortality, (4) fish species that are not especially mobile (e.g., sunfish) are not highly
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susceptible to the technique, and (5) quantitative data may be difficult to ohtain.
Further details are given in Hartley (1980), Hamley (1980), and Hubert (1883).

Fish traps include fyke nets, hoop nets, trap nets, and pot gear (e.g., slat basketa
and minnow traps). All of these devices work by allowing the movement of the fish
to take them through a small opening into a larger holding area. The traps or nets
are designed so that fish can easily find or be led to the opening from the outside,
but not from the inside. Frequently bait is used to further lure fish into the trap
(Culp and Glozier 1989). Some designs such as fyke nets use attached wing nets
that funnel fish to the opening.

Advantages of these stationary traps include (1) range of sizes from small (minnow
traps) to large (fyke nets) allows a wide range of species and life stages to be
sampled, (2) fish remain alive while in the trap, so traps do not need to checked as
frequently as entanglement nets, and (3) fish that seek cover (e.g., sunfish) or are
benthic species (e.g., catfish) are especially susceptible to capture by this method.
Disadvantages of these traps include (1) trap is not equally effective for all species,
(2) changes in temperature and turbidity can affect catch rate, and (3) adjustments
must be made to correct for sampling bias when used for density estimates
(Jacobsen and Kushlan 1987). The larger fyke, trap, and hoop nets are most
effective in reservoirs, ponds, lakes, and river backwaters. Pot gear and smaller
hoop nets can be more effective in smaller streams or faster water. In both cases,
traps can be combined with weirs or directional struetures that channel fish into
areas where the traps are deployed. Additional discussions can be found in Craig
(1980) and Hubert (1983).

Visual observations. Using visual techniques to sample fish populations has
become increasingly popular. Transect surveys of minimally or noncontaminated
aquatic habitats can be effectively accomplished with snorkel or seuba gear. A
small dipnet can be used while snorkeling to capture some species very effectively
(Etnier and Starnes 1993). For more contaminated sites, remotely operated video
cameras in waterproof cases have also been used to survey fish populations.

In both cases, advantages include: (1) minimal physical stress of fish, (2) no direct
mortality, (3) effective for benthic (e.g., madtom) and midwater {e.g., minnow)
species, and (4) additional information on habitat use can also he gathered. Disad-
vantages include: (1) not particularly useful for tissue sampling or assessment of
length/weight data, (2) fish species that are difficult to identify are more easily
misidentified, (3) cryptically colored species or species hiding in thick cover may be
overlooked, (4) some species are more easily spooked by the diver and may be
underestimated in counts, and (5) clear water is required for effective use.
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Compared with seining, visual estimates can often find more species and more
individuals, although abundance estimates may be biased toward smaller species
(Goldstein 1978). These techniques can be applied to habitats of all sizes and under
most flow conditions. Reviews of visual techniques are given by Helfman (1983).
Hankin and Reeves (1988), and Baliz (1990).

Chemicals. Chemicals, or ichthyocides, have been used to sample fish populations
for many years. The use of rotenone, sodium cyanide, and antimyein often provide
the most complete sample of a fish community or population among all possible
methods. Generally, these chemicals work by impairing the exygen uptake at the
gills, which makes the fish susceptible to capture or retrieval.

The advantages of chemical eollection include: (1) thorough sampling of all sizes
and species of fish, (2) effective in habitats not easily sampled by other techniques
(e.g., fast current streams with large boulder substrates), and (3) specialized
equipment is not required. Disadvantages include: (1) although some figh can
recover, most chemical applications cause substantial mortality, (2) some chemicals
can be hazardous to samplers, (3) diminished effectiveness at low temperatures, (4)
technique can substantially affect nontarget species (e.g, invertebrates), and (5)
application can be hard to control under some flow and habitat conditions and
should only be attempted by experienced personnel (Etnier and Starnes 1993). In
lakes and reservoirs, chemical application is usually limited to cove samples. Nets
are used to isolate the cove, the chemical is dispersed by boat, and netters on shore
and in boats retrieve the affected fish, In streams, chemicals are released at a point
upstream of sample area, a line of netters retrieve fish below the sample area (may
be supplemented by a blocknet), and if necessary the chemical is neutralized in
water moving downstream. Chemical sampling can provide good data on standing
crop, species richness, and density, but estimates are subject to bias resulting from
escape around nets and incomplete recovery of dead fish (Davies and Shelton 1983).
More detail on the use of chemicals can be found in Holden (1980), Kapetsky (1980),
and Davies and Shelton (1983).

Data Analysis

A combination of analysis techniques is needed to properly assess the possible
impact of smokes and obscurants on a T&E fish species. The selection of the most
informative analysis will also depend on the sampling method selected, the amount
of sampling effort possible, and the target species.

Occurrence. The first and foremost measure should be whether the target species
actually occurs in the area of interest. Assuming habitat surveys have located
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suitable habitat, sampling should be made to collect individual specimens. For
some species this will be straightforward, while for others (e.g., shortnose sturgeon,
Acipenser brevirostrum, or blue sucker, Cycleptus elongatus) the actual capture or
sighting of a single individual will be a major accomplishment. Occurrence data can
be correlated with areas of critical habitat to give some idea of population strength,
but in most cases will need additional measures to assess potential impacts.

Catch (or counts) per unit effort/time. The easiest measure of abundance or
population strength is to relate the occurrence of specimens to a unit of sampling
effort, time, or distance, This catch per unit effort analysis is applicable to most
sampling techniques, and when compared with reference data can indicate whether
the target population may have been impacted by the installation's activities or
other factors. Potential errors in using catch per unit effort for estimating fish
density or biomass are discussed by Mahon (1980).

Estimated population size. For a more detailed evaluation of population size, a
repeated collection estimate ean be made. The two basic approaches are estimates
from mark-recapture (Chapman 1951; Bailey 1951, 1952; Otis et al. 1978; Begon
1979) and removal (Zippin 1956, 1958; Seber and LeCren 1967: Carle and Strub
1978). In a mark-recapture, specimens are captured on one day, marked, and
released to an enclosed sample area. After an interval of 1 hour to several days, a
second collection is made. By relating the ratio of tagged and nontagged fish
recaptured on the second sample day to the number of fish initially tagged, an
estimate of population size can be made. Mark-recapture techniques can be limited
to this single pair of sampling events, or if a long-term tag or mark is used, multiple
recaptures can be made. Use of a more permanent tag will also provide data on
movement patterns or distribution. Tags can be as simple as fin clips or more
permanent such as plastic streamer tags, injectable wire tags, or subcutaneous
paint injections (Wydoski and Emery 1983). Mark-recapture techniques may
produce considerable capture and handling stress to the species and reguire
temporally spaced sampling efforts.

The other principal method for estimating population size is the multiple-pass
removal method. In this technique, an area is isolated by nets and repeatedly
sampled on the same day, All target species are removed and segregated by pass.
A minimum of two sampling passes are needed, and more passes (three or four are
common) produce a better estimate (Riley and Fausch 1992). The target species are
counted by pass and then a computer program generates an estimated population
size based on the decline in numbers from the first pass to the last. This technique
reduces the capture stress on the individual to one capture, and sampling can be
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completed in 1 day per site, but it does not provide additional information on
maovements,

Regardless of technique, the estimated population data can provide a much better
idea of the population size than with a catch-per-effort analysis. Data can be
analyzed based on the sample area to provide density (fish/m”) values, which make
comparisons easier among sampling sites. In general, mark-recapture technigues
provide more accurate estimates than removal techniques (Peterson and Cederholm
1984; Gatz and Loar 1988; Riley and Fausch 1992; Riley, Haedrich, and Gibson
1993). However, because the mark-recapture technique requires two sampling
events (usually separated by a day or more between samples) and further requires
tagging or marking of target species, impacts from the more accurate technique may
not be worth the increased risk of mortality to the T&E species.

Additional population indicators. Depending on the desired level of sampling
effort, additional measures of the target species can be made after capture.
Individual fish can be measured for length and weight, observed for reproductive
state, disease, or injury, and sampled for age, The length and weight measures can
be made fairly easily and will provide useful data to calculate condition factor (an
estimate of individual health), population biomass or productivity, and length
frequencies (estimated age structure of the population). General techniques for
length-weight measures are reviewed by Anderson and Gutreuter (1983). For some
species, scale samples may be taken to aid in estimating age and life span. These
measures are nondestructive to the individuals and should not substantially
increase mortality if conducted properly.

In addition to measures of the individuals, extra surveys can focus on evaluating
potential impacts on reproduction. Surveys of the critical habitat can be made
during the reproductive season to locate nests or spawning aggregations of the
target species or to determine the number of gravid females, Nursery areas can be
sampled for the presence of eggs, larvae, or juveniles (Bagenal and Nellen 1980,
Snyder 1983). These parameters can be combined with population estimates and
length frequencies to indicate whether smokes and obscurants may be affecting the
reproductive capacity of the target species,
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8 Ambient Media Toxicity Test Methods

Toxicity tests are a means of determining if the media present at a site are actually
toxic to terrestrial and aquatic biota. Testing validates toxicity estimates obtained
through the eomparison of contaminant exposure estimates to conventional toxicity
data. The tests also indicate if differences between the smoke-exposed site and
reference locations observed in the biological surveys can be attributed to contami-
nation. This chapter summarizes representative toxicity test methods for ter-
restrial and aquatic biota, their applications, and their strengths and weaknesses.

Toxicity Tests for Terrestrial Biota

A variety of toxicity test methods, using organisms as diverse as earthworms,
arthropods, soil bacteria, and plants, have been developed for use in assessing
ecological risks to terrestrial biota at hazardous waste sites. Many of these may
also be applicable to evaluate risks that smokes present to T&E species. A list of
advantages and limitations of toxicity tests in ecological assessments is provided in
EPA (1983),

An excellent compendium of potentially useful toxicity testing methods is provided
in the Evaluation of Terrestrial Indicators for use in Ecological Assessments at
Huzardous Waste Sites (EPA 1992b). Four main areas are covered:

1.  Animal test methods (e.g., methods using earthworms, other soil annelids,
free-living nematodes, soil insects, noninsect arthropods, mollusks, amphibi-
ans, small mammals, and birds)

2.  Plant test methods (e.g., seed germination and root elongation tests, seedling
survival and vegetative vigor tests, life-cycle and plant tissue-culture tests,
and photosynthesis inhibition tests)

3. Soil biota test methods (emphasis on soil microbes, bacteria, fungi, protozoans,
and nematodes)

4. Field test methods (including in sifu testing based on organisms such as
amphibians, starlings, sago pondweed, and terrestrial plants).
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The American Society for Testing and Materials (ASTM) also has established guides
that can be used for estimating the acute or chronic toxicity of media such as soils,
sediments, and water to various organisms (ASTM 1994). The ASTM guides for
these tests generally provide a greater level of detail than is provided in EPA
(1992b). Each ASTM guide also contains references to the scientific literature for
examples of studies that have used the method or a variant thereof.

Three key considerations were identified in the context of terrestrial toxicity testing
in relation to the potential ecological risk of contaminants to T&E species:

1.  The ecological attributes that cause or contribute to a species’ rareness should
be taken into consideration in selecting toxicity test methods. A test with an
endpoint that may be sufficiently protective for an abundant Species may not
accurately estimate risk to a species that is rare, Toxicity tests for estimating
risk to a T&E plant species, for example, almost certainly should address all
critical life-cycle stages (e.g., seed germination, root and shoot development,
seed set, and second-generation viability) because reproduction is generally
more sensitive, as a toxicity test endpoint, than survival or growth. However,
few test methods consider reproductive endpoints. Thus, the application of
commonly used toxicity tests to situations involving rarer organisms may
substantially increase uncertainty about potential hazards of contaminants to
T&E species.

2. Although various types of organisms are used in toxicity testing, the
fundamental physiological ecology or life-cycle patterns of some types of rare
organisms differs so greatly from organisms commonly used in toxicity tests
that the value of lahoratory testing using a surrogate for the rare species is
questionable. An example of a rarely considered cactus is given below to sup-
port this argument.

Collared peccaries can discriminate among individual pads of the cactus
Opuntia phaeacantha and preferentially eat those that contain lower concen-
trations of calcium oxalate (Theimer and Bateman 1992). Thus, the level of
herbivory that the wild pigs exert on O. phaeacantha is linked to the
physiological status of individual pads on individual cactus plants. Theimer
and Bateman (1992) show that relatively fine-scale physiological differences
can importantly influence the probability of herbivory, which is a eritieal
source of mortality to Opuntia. We do not know if military smokes alter
Opuntia's production or storage of oxalic acid. Additionally, many species of
cactus are physiologically quite different from plants commonly used in
toxicity tests. Cactus species, for example, have thick, waxy cuticles and use
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Crassulacean acid metabolism (CAM), In CAM plants, carbon dioxide (CO,)
1s assimilated primarily in darkness and photoconverted to photosynthate in
daytime, when the stomata may remain closed to protect the plant against
water loss (Harper 1977). In short, CAM and non-CAM plants operate so
differently with respect to CO, uptake, transpiration, carbon fixation, and
stomatal behavior, that noncactus species of plants probably cannot be used
as reasonable “surrogates” for toxicity tests designed to protect T&E cactus
species. Finally, the life-cycles of some plants include very specific “ecological
bottlenecks” where sensitivity to contaminants eannot be reliably estimated
by using surrogate species. The pattern of seed germination and seedling
survival for some species of cactus, for example, is dominated by the
distribution and success of particular species of nurse plants (Valiente and
Ezxurra 1991). In such cases, the cactus species would be unlikely to persist
if its nurse-plant species were accidently eliminated.

4. Biological interactions such as predation, pollination, and competition may be
more influential, and thus need to be considered more carefully, for rarer
species than for more common species. Most commonly used laboratory or
field toxicity test procedures, though, focus on direct effects of contaminants
on the organism in question. Additionally, most commonly used toxicity test
methods use test time scales that are too short to detect significant effects that
might result from indirect mechanisms. Mesocosm-type test systems that
include multiple endpoints and that continue long enough to reveal taxonomic
changes in the soil community (¢f. Gunderson et al. 18994; Parmelee et al.
1993) or in situ test systems that allow quantification of direct plus indirect
effects of contaminants on community composition (e.g., Napolitano et al.
1893) require more effort than conventional laboratery toxicity tests but may
provide information far more valuable in terms of assessing ecological risk of
chemicals or chemical residues to T&E species.

The three considerations listed above suggest that while some laboratory- or field-
based assessments of toxicity may be appropriate for estimating ecological risks
resulting from exposure to training chemicals, considerable care and ecological
understanding should be exercised in the extrapolation from the results of such
tests, particularly those that use surrogate species, to the T&E species in guestion.
Additionally, the considerations suggest that tests should include endpoints more
sensitive than survival or growth (the most commonly used endpoints). Finally,
toxicity tests that examine the effects of the suspect chemicals on specific ecological
processes of significance to the T&E species in question (e.g., pollination, predation,
and competition) could be designed and applied, either in the field or the laboratory,
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to provide information more suitable than that derived from “conventional” toxicity
Lests,

With the caveats described previously, the following general testing methods, with
attendant advantages and disadvantages, might be appropriate for estimating
ecological risk from contaminants, via atmospheric, water, or soil exposures, to
certain terrestrial T&E species.

Plants

The major types of plant responses usually encountered in efficacy and phytotoxicity
tests are described in ASTM's Standard Guide for Evaluation of Nematode Control
Agents—Plant Responses (ASTM 1991). This guide is conceptually advantageous
over pure phytotoxicity test standard operating procedures (SOPs) in that it empha-
sizes chemical influences on the vulnerability of plants to pathogens. Thus, the
ASTM (1991) framework for assessing responses of plants to hazardous materials
is broader than that in EPA's “terrestrial indicators” manual (EPA 1992b). Addi-
tional information may be found in PHYTOTOX, a database for phytotoxicity litera-
ture compiled at the University of Oklahoma (Fletcher, Johnson, and McFarlane
1988).

Exposure regimes to smoke munitions vary greatly in relation to terrain and
convective conditions (Policastro et al. 1990). Thus, for estimating ecological risk
to T&E species, use of in situ testing should be emphasized. Field-enclosure tests
can be used to assess the effects of gaseous pollutants on photosynthate transport
in plants such as soybean (e.g., Madkour and Weinstein 1988). However, if data-
logging instruments are available to monitor exposure regimes to an atmospheric
pollutant, exposure chambers might not be needed. In such cases, an in situ test
could involve the use of one or more surrogate species in a series of paired plots
(reference sites vs sites exposed to the contaminant(s) in question). Because
variation in environmental conditions other than pollutants will occur, the paired
plots should be selected to deliberately encompass a range of conditions (e.g., soil
moisture, organic content, and exposure to sunlight) significant to the T&E plant
species. Response parameters should include seed survival (which includes changes
in seed viability and losses to seed predators), germination success, seedling growth,
root development, and seed production.

Before investing significant effort in a field-scale in situ test, a screening test based
on pollen viability should be considered for cases in which the T&E species are
angiosperms or gymnosperms. The processes of pollen transportation and germina-
tion are central to reproductive success for many plant species, and pollen viability
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can be tested easily and inexpensively using standardized laboratory procedures
(Brewbaker and Kwack 1963, Young and Stranton 1990). Pollen viability also may
be used as a response parameter in the in situ tests, for reasons of ecological
significance and because of their relatively low cost. If the species to be protected
is a bryophyte, laboratory tests analogous to those used to assess viability of pollen
might be used to assess the inhibitory effects of pollutants on the flagellated male
reproductive cells (cf. Morgan, Wu, and Young 1990).

Selection of plant species that are appropriate for use as surrogates for the T&E
species in question must be considered carefully, but logistical considerations such
as availability, size, and a short life cyele may override questions of sensitivity to
pollutants, particularly if reproductive endpoints are used. Primarily for logistical
reasons, but also because of its simple genomic structure, the small flowering plant
Arabidopsis thaliana is gaining acceptance for use in toxicity tests of soils. A draft
SOP for use of this plant species in laboratory tests to assess soil toxicity, with seed
germination and shoot biomass as response variables, is included as Appendix B in
this report. Procedures such as those described for soil testing with A. thaliana
could be modified easily to include pollen viability measurements or be used to
assess effects of atmospheric or waterborne pollutants. The small size and rapid life
cycle of plants such as A. thaliana and Tradescantia spp. (note Schaeffer et al. 1987)
are also attributes that can be used to advantage in in situ tests.

Soil Invertebrates

Although many kinds of soil-dwelling invertebrates have been or eould be used in
toxicity tests to provide information about ecological risk to T&E species (¢f. EPA
1992b), earthworms are among the best. Earthworms are abundant and ecologi-
cally significant because they modify soil quality (by their foraging and tunneling)
and are important components of the diets of many birds and small mammals.
Earthworms also are readily exposed to contaminants in soil, both by ingestion and
dermal contact; thus, contaminants that accumulate in earthworms can be readily
transferred to their predators. Most earthworm species are large enough to assess
individually but small enough for convenient testing. Various species, notably
Eisenia foetida, have moderately short life cycles and can be reared easily in the
laboratory. Finally, both laboratory test methods (e.g., Callahan, Russell, and
Peterson 1985) and field testing methods (e.g., Callahan et al. 1991) have been
developed for assessing the effects of soil contaminants on earthworms. These con-
siderations account for the continued use of earthworms for estimating ecological
risk from contaminants in soils.
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Most of the published methods for testing the toxicity of seils with earthworms have
used lethality as the measured endpoint. A recent study, however, shows that
measurements of earthworm growth and reproduction can be used to reveal
differences among soils in cases where no differences in survival of the earthworms
were noted (Gibbs, Wicker, and Stewart 1994). Thus, the improvements in
methodology suggested by this study should increase the usefulness of earthworm
tests for assessing the biological effects of contaminants in soils. A draft SOP for
conducting E. foetida tests of soils based on procedures deseribed by Gibbs, Wicker,
and Stewart (1994) is included as Appendix C in this report.

Although single-species assays (e.g., E. foetida test) are widely used to assess
ecological impacts of contaminants in soils, they may not provide accurate estimates
of pollution-induced changes in interspecies interactions. The disadvantages of
single-species tests can be overcome by use of multispecies mesocosm tests. Soil
mesocosm tests can be used to assess responses of various soil organisms such as
microarthropods or soil nematodes, or soil-microbe processes (e.g., denitrification
or decomposition) to contaminants (e.g., Parmalee el al. 1993; EPA 1992h:
Gunderson et al. 1994). Multispecies mesocosm tests are advantageous in that they
can permit insight into food-web structure and microbe-plant interactions of
ecological significance, However, they tend to be more costly than single-species
tests and may not use endpoints that are easily incorporated into an ecological risk-
assessment framework. Because soil microarthropod communities are diverse and
include a functional trophic web made up of predator and prey species, it is likely
that soil-testing procedures such as those used by Parmalee et al. (1993) or
recommended by EPA (1992b) will be used more often for ERAs.

Birds

Various bird species have been used to assess potentially adverse effects of
chemicals in the environment, including ducks (Brewer et al. 1988), starlings (Grue,
Fowell, and MecChesney 1982), kestrels (Rattner and Franson 1983), laughing gulls
(White, Mitchell, and Hill 1983), and bobwhite guail (Galindo et al. 1984). The
economic importance of birds commonly consumed by humans (e.g., chickens,
turkeys, and ducks) is considerable and suggests that standardized toxicity tests
with at least some species of birds may be used to assess chemicals of agricultural
interest. An ASTM standard (E 857-87; ASTM 1994) for conducting subacute
dietary toxicity tests with avian species is also available, but this guide is designed
primarily for application to northern bobwhite, Japanese quail, mallard, and ring-
necked pheasant. The result of tests conducted according to the ASTM standard
“provides one basis for deciding whether additional toxicity testing should be
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conducted with birds.” Thus, the procedure at best should be considered to be a
sereening test, perhaps with limited application to ERA needs.

Mammals

Toxicity tests for mammalian wildlife have not heen widely used in ERAs (EPA
1992b). Available methods consist of laberatory tests focusing primarily on small
mammals (essentially rodents) and mustelids (mink and ferrets). In situ methods
are not currently available. Standard methods for mammalian laboratory toxieity
tests are summarized in EPA (1992h) and in ASTM (1994).

Reptiles

Various studies have demonstrated that contaminants or contaminant residues ean
be elevated in reptiles such as snakes (Fleet, Clark, and Plapp 1972) and turtles
(Meyers-Schone and Walton 1994). However, relatively few studies have focused
on the effects of contaminants on reptiles (Hall 1980). Additionally, no standardized
toxicity test procedures appear to be available for this group of animals. In some
habitats, reptiles are significant ecologically; lizards, for example, are important as
predators of insects in arid or semiarid regions (cf, Pianka 1974). Many lizards also
are territorial, have small home ranges, and can be kept in captivity easily. Thus,
field or laboratory tests to assess the effects of contaminants on lizards probably
could be conducted. These procedures, though, would likely be appropriate only for
selected geographical areas.

Amphibians

An ASTM standard guide for conducting acute toxicity tests with fishes, macroinver-
tebrates, and amphibians (ASTM 1994) states that, for amphibians, “young larvae
should be used whenever possible,” and provides good general guidance for toxicity
lesting with aquatic phases of amphibians. The standard does not explain how to test
terrestrial phases of amphibians (e.g., adult toads such as Bufo americanus) and does
not provide a detailed methodology for testing egg or larval stages of amphibians.
However, it does provide a strong set of references to reputable scientific studies that
do provide necessary details for conducting both flow-through and static tests with
amphibians,

Recent evidence for global reductions in species diversity of amphibians (Barinaga
1990) coupled with speculation about the possibility that this reduction is due at
least in part to pollutants and increases in ultraviolet-B (UV-B) radiation has
kindled interest in factors that influence amphibian abundance and species
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richness. These studies may generate additional interest in developing amphibian-
based toxicity test systems.

A frog embryo teratogenesis assay using Xenopus laevis has been used to estimate
mutagenicity of chemicals. This test is referred to as FETAX and is reported to be
a rapid, inexpensive system for preliminary assessment of potential developmental
hazards (Dawson et al. 1988; Dawson, Schuliz, and Baker 1991; Dumont et al.
1983). No other standardized toxicity test procedures appear to be available for this
group of animals. In most instances, it would be reasonable to suppose that the
most vulnerable life phase of an amphibian would be that associated with repro-
duction or juvenile development. Because these phases are aguatic for amphibians,
toxicity test procedures for aquatic organisms probably would be adequate for esti-
mating ecological risks from contaminants to amphibians.

Devillers and Exbrayat (1992) provide an extensive summary of existing field and
lahoratory toxicological studies on amphibians. References discussed in this volume
may be useful both for toxicity data and for amphibian toxicity testing methods.

Proposed Methods

Most terrestrial toxicity test methods use single-species designs, involve short-term
exposure regimes, and monitor organism growth or lethality as an endpoint. Most
of these tests do not include significant ecological processes and exclude important
species interactions that influence ecosystem trophodynamic structure. They also
usually ignore the potential for sublethal effects of contaminants on reproductive
success. Simple laboratory test methods could be developed to include quantitative
—consideration of predation as a trophic process and predator growth and reproduc-
tive success. This is in response to contaminant exposures via direct and indirect
pathways, by use of readily available terrestrial invertebrates. Figure 5 shows an
example of this possibility.

A test with the three units in Figure 5 could be extremely flexible. Exposures could
consist of application(s) of the pollutant(s) in question to the soil, plants, and
detritus only, either by atmospheric injection or by water: to the soil-plant-detritus
component, in the presence of either or both prey and predator; or to all compo-
nents, as desired. Prey items could be added at particular times after the
contaminant(s) have been added to provide estimates of temporal changes in
bicavailability of the contaminant. The predator, too, could be inserted into the
system at a desired time after the prey have been added to permit several levels of
prey contamination. Responses of the prey to the contaminant(s) could be
quantified in terms of avoidance behavior and/or feeding activities. Sublethal
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Figure 5. Trophic-level toxicity test for terrestrial invertebrates.

effects of the contaminants on the prey also could be inferred by assessing their
ability to escape or delay predation. Sublethal effects of the contaminants on
predator efficiency could be determined by strike/capture ratio, prey-handling time,
or by direct measurements of predator growth. Because the life eycle of Stagmo-
mantis carolina (the most common mantid in the southern United States) and other
mantid species essentially terminates with the production of a conspicuous
overwintering egg mass, second-generation effects of the exposure regimes could be
followed (see Birchard 1991).

Various other arguments justify the consideration of insects in developing con-
nective toxicity tests such as this. For praying mantis species, the size of the
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predator and prey organisms is great enough so that the tests could be conducted
easily in the field (see also Bartley 1982), The organizms also are small enough that
the tests could be conducted easily in the laboratory. Praying mantis species and,
presumably, other insects have strongly stereotypic movement behaviors that would
permit easy analysis of behavioral abnormalities that might result from EXpOSUre
to contaminants in air or their prey (Corrette 1990: Rossel 1986; Maldonado, Jafe,
and Balderrama 1979). Additionally, within-brain physiological correlates to insect
behaviors have been identified for the praying mantis, S. biceellata, suggesting that
the physiological literature could support the development of clear linkages between
exposures to contaminants and adverse effects. Insects are wonderfully diverse and
enormously abundant; many species are critical components of the diets of T&E
species of birds and small mammals or pollinators of T&E species of flowering
plants. Finally, insect population responses to toxic chemicals have been well docu-
mented in the scientific literature because of the significance of insects to
agriculture. Thus, many “field scale” studies of the responses of insect communities
have already been conducted in support of the agricultural industry.

Toxicity Tests for Aquatic Biota

The application of toxicity tests for aquatic biota in risk assessment has developed
from a total absence of this type of data (risk assessments were performed using
only measured chemical concentrations to predict effects) to the development and
use of standardized toxicity tests in ERAs. Standardized tests are favored because
they are easy to conduct and the results can be replicated. Results from single-
species tests are considered to be representative of impacts to broad classes of
organisms (e.g., fish or invertebrates); the data provide information on the toxicity
of specific chemicals to different types of organisms under given conditions (Rand
and Petrocelli 1985).

In addition to single-species tests, tests may be performed using laboratory
microcosms or model ecosystems. Laboratory microcosms are small-scale enclosures
containing samples from the natural ecosystem (e.p., water, sediment, fish,
invertebrates, and plants). One ASTM microcosm procedure (ASTM 1994), for
example, is designed to obtain information concerning toxicity or other effects of a
test material on the interactions among three trophic levels and the competitive
interactions within each trophic level. The advantage of microcosms is that effects
beyond the level of a single species can be identified. In principal, if conditions are
uniform, these tests should be easy to replicate and standardize for different
chemical substances; however, the literature indicates that this is not always the
case (Rand and Petrocelli 1985).
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Another type of test that may be used to evaluate effects to T&E species are in situ
toxicity tests. In situ tests are performed by exposing test animals to conditions in
a natural ecosystem. These tests may provide the most “real-world” assessment of
toxicity. Use and interpretation of data from in situ tests, however, is limited
because of a high degree of variation resulting from environmental conditions and
the difficulty in establishing a cause-and-effect relationship. In addition, standard
methods for in situ aquatic toxicity tests are not currently available, In situ tests
could be developed on a site-specific bazis, however.

The criteria for choosing an appropriate toxicity test for risk assessment may follow
the recommendations of Rand and Petrocelli (1985):

1. The test should be widely accepted by the scientific community.

2. The test should be able to predict the effects of a wide range of chemicals on
different organisms.

3. The test procedures should have a sound statistical basis and should be
repeatable in different laboratories with similar results.

4. The data should include effects of a range of concentrations within realistie
durations of exposure. They should also be quantifiable through graphical
interpolation, which is an accepted method of quantitative evaluation.

5.  The data should be useful for risk assessment.

6.  The test should be economical and easy to conduct.

7. The test should be sensitive and as realistic as possible in design to detect and
measure the effect.

Standard laboratory toxicity tests may measure acute or chronic effects to a variety
of aquatic animals. Acute toxicity tests measure those effects that occur rapidly as
a result of short-term exposure to a chemical(s). In fish and other aguatic
organisms, effects that oceur within a few hours, days, or weeks are considered
acute (Rand and Petrocelli 1985). The most common acute effect measured is
lethality. Lethal concentration 50 (LC,)) is the coneentration that kills 50 pereent
or more of the exposed population of test organisms in a relatively short time, such
as 96 hours to 14 days (Rand and Petrocelli 1985). Acute tests could be used to
identify the concentration of a chemical, such as those found in smokes, which
would cause a rapid effect on survival. If a reasonable aquatic community exists at
the site in question, an acute test of ambient water impacted by smokes would
provide little information. Acute tests described in the following may be conducted
with aquatic invertebrates, fish, and aquatic insects.

Chronic or subchronic toxicity tests will provide the most information on specific
chemicals and ambient water samples. The tests typically measure more sensitive
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endpoints such as growth, reproduction, or emergence. Investigators at Oak Hidge
National Laboratory have also been successful at applying standard toxicity tests
to receiving waters (Kszos 1994, Stewart 1994), Chronic effects may occur when a
chemieal produces deleterious effects as a result of a single exposure, but more often
they are a consequence of repeated or long-term exposures (Rand and Petrocelli
1985). For the same reasons stated in the discussion of acute tests, it is recom-
mended that surrogate test species be used for testing rather than T&E species.

Appropriate duration of toxicity tests depends on (1) the species of interest, (2) the
chemical (or receiving water) of interest, and (3) the criterion of concern. APHA
(1989) divides laboratory toxicity tests into four categories: (1) short-term, acute
toxicity tests, (2) intermediate toxicity tests, (3) long-term, partial- or complete-life-
cycle toxicity tests, and (4) short-term tests for estimating chroniec toxicity. The
length of the organisms's life cycle helps determine what is short-term, intermedi-
ate, or long-term. In short-term definitive tests, lethality is the most common
endpoint. Tests may be static, static-renewal, recirculation, or flow-through. Expo-
sure periods for these tests usually are 48 or 96 hours. Intermediate tests generally
last for 11 to 90 days and flow-through is recommended, although they may be
static or renewal (APHA 1989). Long-term, partial- or complete-life cycle tests are
nearly always flow through and extend over as much of the life cycle as possible.
Tests are continued from egg to egg or up to several life eyeles for smaller animals.

In risk assessment, standard single-species tests are emphasized because data are
readily available for many chemical compounds, and they can be readily conducted
by testing laboratories (Suter 1993). Representative standard test methods are
listed in the following with a brief description of their applicability. The primary
sources for standard methods are (1) EPA, (2) ASTM, and (3) the American Public
Health Association (APHA). SOPs for some test methods are supplied in Appendix
D and so indicated in the following sections.

Aquatic Invertebrates

Invertebrates are an important component of lake and stream ecosystems and are
a major food item for many species of fish. Several standard tests are available for
measuring the acute toxicity of a chemical or ambient water to invertebrates. The
most commonly used are the 24- to 96-hour tests with microcrustaceans, Cerio-
daphnia sp. or Daphnia sp. (Weber 1993; APHA 1989; ASTM 1994; Appendix D);
EPA methods tend to be the most detailed. The disadvantage of these tests is that
the test species typically live in lakes and ponds and may not be representative of
stream or river invertebrates. However, the animals are easy to culture, the tests
are well standardized, data are readily available on the acute toxicity of many
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chemicals to both species, and both species are readily available throughout the
vear from commercial sources.

If the benthic community surveys identify an impacted invertebrate community,
several additional tests using invertebrates or aquatic insects should be considered.
APHA (1989) provides a description of test methods for amphipods, isopods, and
crayfish that measure acute toxicity. Because these animals have more direct
contact with the substrate of the stream or pond, they are better surrogates for
aquatic insects than Ceriodaphnia or Daphnia. APHA (1989) also has a standard
method for testing with stoneflies, mayflies, caddisflies, and diptera. Toxicants may
interfere with survival, growth, reproduction, emergence, and metabolism of aquatic
insects. Because effects of long-term exposure to sublethal concentrations of toxi-
cants may be more important than effects of infrequent short-term exposure to
higher concentrations, flow-through, long-term tests are recommended (APHA
1989).

Methods to measure chronic toxicity to invertebrates have been standardized and,
again, the most commonly used test species are the microcrustaceans Ceriodaphnia
dubia (Weber et al. 1989; APHA 1989; ASTM 1994; Appendix D) and Daphnia sp.
(Weber et al. 1989, APHA 1989). These tests are easily adapted to assess ambient
toxicity or chemical-specific toxicity. It is advisable to use these tests, rather than
the acute tests, because they measure effects on reproduction, which is usually more
sensitive than lethality. The test methods identified above for aquatic insects and
amphipods may also be used for life-cycle studies. Such tests would be advisable
if the benthic community is impacted, but no effects are observed using the acute
or short-term chronic tests with microcrustaceans.

Fish

Standardized toxicity tests with fish are described in ASTM (1994), APHA (1989),
and Weber (1993). Fathead minnows are the most commonly used test species,
although methods may be adapted to many other species. Acute test methods
measure the effect of a toxicant or ambient water on survival. As with the inverte-
brate tests, a survey of the community present at the site of interest would indicate
whether an acute test would provide additional information. Acute tests are best
uszed to determine the toxicity of a specific chemical.

Chronic toxicity tests with fish measure effects such as growth, egg viability and
hatchability, and development. The advantage of using these tests for ambient
samples is that they measure a more sensitive endpoint than mortality. A
commonly used, short-term chronic test is the EPA fathead minnow survival and
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growth test (Weber et al. 1989). These minnows are typically less sensitive than
Ceriodaphnia to contaminants in ambient waters, although this is not always the
case (Kszos 1994). ASTM (1994) and APHA (1989) provide suitahle guidance for
conducting tests with freshwater fish such as sunfish, minnows other than fathead
minnows, salmon, and perch. If the T&E species of concern is not a minnow, a test
with a surrogate species that is taxonomically more related should be considered.

Multiple-Species Tests

Aguatic microcosms containing multiple species can be used to estimate the effects
of a chemical on the dynamics and metabolism of an ecosystem. ASTM (1994)
provides a standard practice (E 1366) for conducting tests with aquatic microcosms.
The practice covers procedures for obtaining data concerning toxicity of a test
material to a multitrophic-level freshwater community consisting of substrate,
algae, and Daphnia. Limitations include: (1) no fish or other vertebrate is included,
(2) the ecosystem becomes nutrient limited, and (3) predation on Daphnia is absent.
ASTM (1993) also published a standard guide (E 1197-87) for conducting a terres-
trial soil-core microcosm test. Using a special extraction tube, the microcosm is
collected from an appropriate natural source as an intact core and contains a
natural assemblage of soil organisms and plants. However, the only terrestrial
animals included are small invertebrates. Additional microcosm studies can be
found in the literature and could be designed for T&E species.

Sediment Biota

Man}* of the same criteria used for selecting a toxicity test method for water can be
used for selecting a sediment test method. Sediment testing, however, is only just
beginning to become standardized, with the first EPA draft methods published in
1994. The EPA has standardized three whole-sediment tests. Two of these tests
are short-term (they last for 10 days); one is long-term and measures bioaccu-
mulation. Current research needs for sediment testing include: (1) chronic sedi-

ment toxicity tests, (2) selection of additional test organisms, (3) development of

formulated sediments, (4) sediment spiking, and (4) field validation of laboratory
tests (EPA 1994h).

The 10-day standard sediment test uses an amphipod, Hyalella azteca (EPA 1994hb;
ASTM 1994; Appendix D) and a midge, Chironomus tentans (EPA 1994b; ASTM
1994). According to the EPA (1994b), advantages of these test species include: (1)
relative sensitivity to contaminants associated with sediment, (2) short generation
time, (3) contact with sediment, (4) ease of culture in the laboratory, and (5)
tolerance to varying physicochemical characteristics of sediments. The test with an
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aquatic earthworm (Lumbriculus variegatus) can be uzed to measure toxicity and
bivaccumulation of sediment-associated contaminants. These tests might be
appropriate if it were suspected that chemicals from the smokes had accumulated
in the sediment.

In Situ and Nonstandard Test Methods

Another type of test that may be used to evaluate effects to T&E species are in situ
toxicity tests. In situ tests are performed by exposing test animals to conditions in
a natural ecosystem. These tests may provide the most “real-world” assessment of
toxicity. Use and interpretation of data from in situ tests, however, is limited due
to a high degree of variation resulting from environmental conditions and the
difficulty in establishing cause-and-effect relationships. In addition, standard
methods for in situ aguatic toxicity tests are not currently available. In situ tests
could be developed on a site-specific basis, however. In situ tests that may be
adapted to evaluate risks to T&E species include methods for sediment (Krantzberg
1992; Burton 1991), fish (Ziegenfuss et al. 1990; Hall et al. 1988), clams (Belanger
1991), benthic invertebrates (Whaley, Garcia, and Sy 1989), snails (Burris,
Bamford, and Stewart 1990; Hinzman 1994 [zee Appendix DJ), amphipods (Crane
and Maltby 1891), and Ceriodaphnia (Sasson-Brickson and Burton 1891).
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9 Characterization of Risk to Threatened and
Endangered Species

Risk characterization estimates risks by combining information concerning expo-
sure to contaminants with information concerning effects of contaminants. Risk
characterization for ERAs is performed by weight of evidence (EPA 1992a). That
is, rather than simply modeling risks, ecological risk assessors examine all available
data from chemical analyses, toxicity tests, biological surveys, and bivindicators (if
available) to estimate the likelihood that significant effects are occurring or will
occur and to deseribe the nature, magnitude, and extent of effects on the designated
assessment endpoints. This chapter describes an approach for estimating risks that
smokes and obscurants present to T&E species. The approach is based on indi-
vidual lines of evidence that are combined through a weight-of-evidence process.
As stated in Chapter 2, because of the limited populations and endangered status
of T&E species, preventing adverse impacts on the individual is the focus of ERA
for T&E species. .

Single Chemical Toxicity

This line of evidence uses analyses of smoke residues in biotic or abiotic media to
estimate exposure. It also uses literature values for effects of these chemicals to
estimate effects to an individual of a T&E species (Figure 6). These uses are com-
hined in two steps. First, the contaminants are screened against ecotoxicological
benchmarks and background exposure. Contaminants for which exposure exceeds
benchmarks and background exposure (if applicable) are identified as contaminants
of potential concern (COPCs).

For contaminants identified as COPCs, the second step is to compare exposures
with the full toxicity profile of the contaminant to characterize risk. For example,
the distribution of concentrations in water would be compared with the distribution
of concentrations of thresholds for chronic toxicity across fish species and across
prey species. The nature of the chronic effects would be deseribed, and the exposure
durations needed to achieve effects in the laboratory would be compared with tem-
poral dynamics of concentrations in the field. Characteristics of the contaminants
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Figure 6. Risk characterization based on chemical analyses and single chemical toxicity.
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that are relevant to risks are also examined, such as the influence of metal specia-
tion on toxicity, tendency of the contaminant to aceumulate in prey species, etc.

The result of risk characterization for this line of evidence should be statements
about the following questions:

] Are toxic coneentrations of contaminants present?

*  What effects do these concentrations cause in the laboratory or at well-studied
siteg?

. How extensive are toxic concentrations relative to the range of the receptors?

. How long do toxic concentrations persist relative to the time required for
effects to oceur?

*  How frequently do toxie concentrations occur relative to the recovery time of
the receptors?

*  Arethey associated with identifiable sources?

*  How much must the source be diminished to eliminate toxicity?

*  How much confidence is there in the answers to these questions?

Ambient Media Toxicity Tests

Risk characterization for this line of evidence begins by determining whether the
tests show significant toxicity (Figure 7).

*  Ifnosignificant toxicity was found, the risk characterization consists of deter-
mining the likelihood that the result constitutes a false negative. False
negatives could result from (1) not collecting samples from the most contami-
nated sites or at the times with the highest contaminant levels, (2) handling
the samples in a way that reduced toxicity, or (3) using tests that are not
sulficiently sensitive to detect effects that would cause significant injuries to
populations or communities in the field.

*  If significant toxicity occurs in the tests, the risk characterization should
describe the nature and magnitude of the effects and the consistency of effects
among tests conducted with various species in the same medium.

*  Toxicity tests may yield ambiguous results in some cases because of poor per-
formance of organisms in control media (e.g., resulting from diseases, back-
ground contamination, inappropriate reference or control media, or poor
performance of the test protocol). In such cases, expert judgement by the
assessor in consultation with the individuals who performed the test should
be used to arrive at an interpretation of the test results.
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Figure 7. Hisk characterization based on toxicity testing of ambient media.
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If significant toxicity is found at any site, the relationship of toxicity to exposure
must be characterized. The first way to do this is to examine the relationship of
toxicity to concentrations of contaminants in the media. The manner in which this
iz done will depend on the amount of data available. If numerous toxicity tests are
available, the frequency of tests showing toxic effects could be defined as a function
of concentrations of one or more COPCs (Stewart et al, 1994). An alternative and
potentially complementary approach is to determine the relationship between the
oceurrence of toxicity and the spatial distribution of smoke residues.

The result of risk characterization for this line of evidence should be statements
about the following questions:

. Is toxicity occurring?

*  How severe isit?

*  How extensive is toxicity relative to the range of the receptors?

*  How frequent is toxicity relative to the recovery time of the receptors?
*  Isit associated with identifiable sources or contaminants?

*  How much must the source be diminished to eliminate toxicity?

. How much confidence is there in the answers to these questions?

Biological Surveys

If biological survey data are available, the first question to be answered is whether
the data suggest the ocourrence of significant effects (Figure 8). This is determined
through statistieal comparisons of data from the smoke-exposed site(s) to those from
the reference sites.

If biological survey data are consistent with significant reductions in abundance,
production, or diversity, associations of apparent effects with causal factors must
be examined. First, the distribution of apparent effects in space and time must be
compared with the distribution of sources or of contaminants. Second, the distribu-
tion of apparent effects must be compared with the distribution of habitat factors
that are likely to affect the organisms in question such as stream structure and
flow. Finally, the natural variability of the endpoint populations and communities
and the accuracy of the survey methods must be examined to estimate the
likelihood that the apparent effects are due to chance.
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Figure 8. Risk characterization based on biological survey data.
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The result of risk characterization for this line of evidence should be statements
about the following questions:

. Are the endpoint ecological properties significantly reduced?

. How much are they reduced?

*  How extensively are they reduced?

*  Isthe reduction associated with identifiable sources of contaminants?
*  Is the reduction associated with identifiable habitat variables?

*  What is the most likely cause of the apparent reduction?

*  How much confidence is there in the answers to these questions?

Bioindicators and Biomarkers

Bioindicators and biomarkers are biochemical or physiological changes that indicate
that an organism has received an internal dose of a chemical. Examples include
contaminant body burdens, histopathological ohservations, and measures of detoxi-
fication or stress enzyme levels. Bioindicators have not been discussed previously
in this document because of the uncertainty concerning their availability for smokes
and obscurants. If appropriate bioindicators are identified, methodologies for their
use are described below,

Biological indicators are seldom useful for estimating risks by themselves, but they
can be used to support other lines of inference. The inference begins by asking if
the levels of the bioindicators differ significantly from those at reference sites
(Figure 9). If they do, then it is necessary to determine whether they are diagnostic
or at least characteristic of any of the COPCs or of any of the habitat factors that
are thought to affect the biota in question. If the bicindicators are characteristic of
contaminant exposures, the distribution and frequency of elevated levels must be
compared with the distributions and concentrations of contaminants. Finally, to the
extent that the bioindicators are known to be related to overt effects such as redue-
tions in growth, fecundity, or mortality, the implications of the observed bioindi-
cator levels for individuals or populations of the T&E species should be estimated.

The result of risk characterization for this line of evidence should be statements
about the following questions:

*  Are bioindicator levels significantly elevated?
*  What are the implications for individuals?
*  How extensive are the effects?
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Are they spatially or temporally associated with identifiable sources of con-
taminants?

Are they spatially or temporally associated with identifiable habitat variables?
Are they diagnostic or characteristic of a contaminant or a habitat variable?
What is the most likely eause of the observed levels?

How much confidence is there in the answers to these questions?
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Figure 9. Risk characterization based on biomarker data.



USACERL TR-87/140

95

Weight of Evidence

The weighing of evidence begins by summarizing the available lines of evidence for
each endpoint (Figure 10). The tabular format presented in Table 5 is recom-
mended. The lines of evidence are listed and a symbol assigned for each: + if the
evidence is consistent with significant effects on the endpoint, - if it is inconsistent
with significant effects, + if it is too ambiguous to assign to either category, and NA
if data for that line of evidence are unavailable. The last column presents a short
summary of the results of the risk characterization for that line of evidence. If
indirect effects are part of the conceptual model, they should be summarized in their
own line of the table. For example, effects on the fish community could result
entirely or in part from toxicity to invertebrate prey species. The last line of the
table presents the weight-of-evidence-based conclusion concerning whether

Single Chemical Ambient Toxcity Eiclogical Survay
Aisk Test Risk Risk
Characterization Characterization Characterization

Biamarker Risk
Characterization

v

Summarize
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Contaminan
Risks?

Estimate Most
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and Distribution of

Effocis

Smake Lsa
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Figure 10. Risk characterization based on weighing of multiple lines of evidence.
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Table 5. Example of a table summarizing the risk characterization for the fish community in
@ stream at a smoke-impacted site.

Evidence Result’ Explanation

Biological Survays - Fish community productivity and species richness are both high
in reaches 2 and 3. Smoke residues apparently improve
community quality.

Toxicity Tests + High lethality to fathead minnow larvae in = test in reach 3.3, but
variability Is too high for standard statistical significance.

Media Analyses + Crily zine is belisved to be potentially toxic in water and anly to
highly sensitive species.

Weight-of-Evidenca - Reaches 2 and 3 suppart a clearly high quality fish community.

Other evidence that suggests toxic risks is much weaker.

" +indicates that the evidence is consistent with the occurrence of the endpaint effect.
- indicates that the evidence is inconsistent with the cccurrence of the endpoint effect.
£ indicates that the evidence is too ambiguous to interpret;

significant effects are occurring and a brief statement concerning the basis for the
conclusion. This conclusion i not based simply on the relative number of + or -
signs. The “weight” component of weight of evidence is the relative credibility and
reliability of the conclusions of the various lines of evidence.

In general, the weighing of evidence is best accomplished by beginning with the line
of evidence that most directly bears on the actual risks. That is, begin with the risk
characterization based on biological survey data, if available. If, for exam ple, the
fish ecommunity is depauperate downstream of a source, check the risk characteriza-
tion based on toxicity data to see if it indicates that aqueous toxicity is responsible.
Check the bioindicators to see if the fish populations that are still present bear
signs of suborganismal effects. Finally, look to the risk characterization based on
analysis of media to determine what contaminants are likely to be responsible for
any observed effects or toxicity. This process clearly relies on expert judgement, but
that judgement should be presented as clearly as possible to the stakeholders.

If no significant effects are believed to be occurring, the assessment of that particu-
lar endpoint is complete. However, if significant effects are occurring, they must be
characterized. That is, the nature, magnitude, and extent of the effects must be
estimated. This estimation may also be based on multiple lines of evidence.
Various lines of evidence may indicate that a significant effect is cccurring but may
disagree about its magnitude or extent. In general, the estimates will be based on
the best evidence; that is, the evidence that provides the clearest and most accurate
estimate of effects.
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Uncertainties

Uncertainties should have been identified in the risk characterizations for each line
of evidence, but the risk characterization should also include a summary of uncer-
tainties and their implications. The Risk Assessment Forum (EPA 1992a) indicates
that this discussion should include uncertainties resulting from the conceptual
model formulation, incompleteness of information, stochasticity (natural variahil-
ity), and error. Results of quantitative uncertainty analyses should be presented
here, but it is important to remember that such analyses do not include all
uncertainties. In particular, although it is possible to quantitatively estimate the
uncertainty associated with a single line of evidence, it is not possible to quantify
the total uncertainty associated with a conclusion reached by weighing multiple
lines of evidence.

It is important to summarize the implications of the listed uncertainties. This sum-
mary should include:

*  the credible maximum and minimum levels of effects

*  endpoints that were not addressed

*  routes of exposure or indirect modes of action that were not addressed
. conditions that were not addressed (e.g., storm events).

Example: Risk Characterization for Ospreys of the Clinch River/Poplar Creek
System, Tennessee

To illustrate the application of risk characterization, an example was extracted from
the Remedial Investigation/Feasibility Study for the Clinch River/Poplar Creek
Operable Unit (DOE 1995) adjacent to the Oak Ridge Reservation (ORR). This
example shows how conflicting lines of evidence are weighed, uncertainties are
considered, and the likelihood of adverse impacts is estimated. Because this
example is intended to show how to weigh evidence and perform a risk characteriza-
tion, the results of the data analysis are only briefly summarized. The complete
ecological risk assessment is presented in DOE (1995).

Background

ORR is on the Clinch River in East Tennessee, approximately 30 miles west of
Knoxville. Through over 50 years of operations, activities at the three plants on the
reservation (Oak Ridge National Laboratory, the Y-12 Plant , and the K-25 Plant)
have released contaminants (primarily mercury, PCBs, and radionuclides) into the
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Clinch River/Poplar Creek system. A risk assessment was performed to determine
if these contaminants present a hazard to piscivorous wildlife. A weight-of-evidence
approach was used to evaluate effects on ospreys (Pandion haliaetus). Data
consisted of the contaminant concentrations in fish and water, and observations of
reproductive success at osprey nests adjacent to the ORR. Consequently, available
lines of evidence were limited to a comparison of contaminant exposure estimates
to single chemical toxicity data and field surveys. Ambient media toxicity tests and
bioindicators were not available.

Single Chemical Toxicity Data

Contaminant exposure experienced by ospreys was estimated using the fish and
water contamination data. Both point estimates of exposure (derived using the
upper 95 percent confidence interval on the mean contaminant concentration in fish
and in water) and distributions of exposure (derived using a Monte Carlo
simulation’) were generated. The exposure estimates using point estimates of
parameter values at each individual sampling point were used to identify contami-
nants of potential ecological concern (COPECs) and locations that contributed
significantly to risk. In contrast, the exposure distributions generated by Monte
Carlo simulation represent the likelihood that an individual within the area for
which exposure is modeled will experience a particular EXposure.

Two types of single chemical toxicity data are available with which to evaluate expo-
sure of ospreys to contaminants: no ohserved adverse effects levels (NOAELs) and
lowest observed adverse effects levels (LOAELs). These values were obtained from
Opresko et al. (1994). NOAELs are used to screen exposure estimates generated
from point estimates of exposure parameters; if the estimate is greater than the
NOAEL, adverse effects are possible and additional evaluation is necessary (ie.,
exposure modeling using Monte Carlo simulation). LOAELSs are compared to the
exposure distribution generated by the Monte Carlo simulation. If the LOAEL is
lower than the 80th percentile of the exposure distribution, there is a >20 percent
likelihood that individuals within the modeled location are experiencing contami-
nant exposures that are likely to produce adverse effects. By combining literature-
derived population density data with the likelihood or probability of exceeding the
LOAEL, population-level impacts may be estimated.

: Monte Carlo simulation is a resampling technigue frequaently used in uncenainty anzlysis in rizsk assessment, In
practice, distributions are assigned to input paramalers in & maodsl and the moda! |5 recalculated many limas to
produce a distribution of output paremeters {e.0., estimates of contaminant exposure). Each time the modal is
recalculated, a value is selected from within the distribution assigned lor each input parameter. As 3 result, a
distribution of exposure estimates is produced that reflects the variability of the input parameters.
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Screening point estimates of exposure. To determine if the eontaminant
exposures experienced by ospreys along the Clinch River/Poplar Creek are
potentially hazardous, which contaminants represent the hazard, and where this
hazard is present, total contaminant cxposure estimates were compared with
estimated NOAELs. To quantify the magnitude of hazard, a hazard quotient (HQ)
was caleulated where: HQ = exposure/NOAEL. HQs greater than 1 indicate that
individuals may be experiencing exposures that are in excess of NOAELs and
suggest that adverse effects may be occurring.

The spatial distribution of contamination and potential risks to ospreys in the
Clinch River/Poplar Creek system is illustrated in F igure 11. These distribution
figures display the sum of the NOAEL-based HQs for the six most important
contaminants: arsenic, copper, DDT, mereury, selenium, and total PCBs. (The quo-
tient of an exposure divided by a toxicological benchmark may be thought of as an
expression of the toxicological hazard or as toxicity normalized concentration or
toxic unit [TU]. The TUs may be summed as in Figure 11 as an indication of
relative potential toxicity.) Importance of contaminants was determined based on
the magnitude of the HQ. River subreaches were arranged from the northernmost
to the southernmost. The maximum ETU was observed at the Poplar Creek
subreaches (13, 3.01, 3.02, 3.03, and 3.04). The contaminants contributing the most
to total risk are mercury followed by total PCBs (Figure 11).
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Figure 11. Contamination and potential risks to ospreys in the Clinch River/Poplar Creek
system.
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Screening Monte Carlo simulation estimates of exposure. To incorporate the
variation present in the parameters used in the exposure model, Monte Carlo simu-
lations were performed for exposure to contaminants where NOAEL-based HQs=>1
were observed. By superimposing NOAEL and LOAEL values on these distribu-
tions, the likelihood of an individual experiencing potentially hazardous exposures
can be estimated and the magnitude of risk to individuals may be determined.
These comparisons are presented in Table 6. Table 7 is an interpretation of the
comparison of exposure distributions to NOAELs and LOAELs.

Ospreys at subreaches 3.01 and 3.02 are estimated to receive exposures to mercury
in excess of the LOAEL >99 percent and 70 percent of the time (Table 6). No other
contaminants in any other subreach are estimated to present a risk to ospreys.

To accurately evaluate the significance of mercury exposure among ospreys within
subreaches 3.01 and 3.02, the foraging range of ospreys must be considered.
Ospreys are a wide-ranging species, with individuals ranging as far as 10 to 15 km
from their nest sites in search of food (Van Daele and Van Daele 1982). EPA
(1993a) reports the mean foraging radius for ospreys to be 1.7 km with a range of
0.7 km to 2.7 km. Of the three active osprey nests in the vicinity of the ORR (B.
Anderson, personal communication), two are located along Melton Hill Reservoir

Table 6. Comparison of Monte Carlo simulation of piscivore contaminant
exposure estimatas to literature-based NOAELs and LOAELs,

Within Subreach Exposure
Estimate
Endpoint Subreach Analyte % = NOAEL % = LOAEL
Osprey 10 Hag =393 <1%
Cspray 0 Hg =099, <1%%
Ospray 2.0 Hg =1% <1%
Osprey 202 Hg =095 <1%
Osprey 13 Hg =595 <1%;
Osprey 3.01 Hg =89% =09%
Osprey 3.02 Hg >39% 70%
Osprey 3.03 Hg =>09% 1%
Osprey 3.04 Hag =099, <1%
Osprey 4.01 Ha >89% <1%
Ospray 4.04 Hg >953%: =1%
Osprey 18 Hg >99% <1%,
Cispray 5 Hg =09% <19
Ospray i5 Hag =00% <148
Ospray 2.04 PCB >899 <1%
Ospray 13 PCB =1% <1%
Osprey 3.0 PCB =1% <1%
Cspray 3.02 PCB 055 <1%
Oeprey 3.01 DDE =89% =1%
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Table 7. Interpretation of the exposure distribution comparisan to NOAELs and LOAELs.

Comparison Meaning Risk-based Interpretation
NOAEL=80th percentile Less than 20% of Individual- and population-level
of exposure distribution exposures> NOAEL adverse effects are highly unlikely
NOAEL<80th More than 20% of exposures  Individuals experiencing
percentile<LOAEL > NOAEL, but less than 20%  expasures at the high end of the
of exposures> LOAFL distribution may experience

adverse effects, bui those effects
are unlikely to significantly
caniribute to effects on the OBR

papulation,
LOAEL=80th percentile Mare than 20%: of Effects on some individuals are
ol exposure distribution exposuras> LOAEL likely, and they may contribute
significantly io efiects on the ORR
population.

(subreach 1) and one near K-25 on Poplar Creek approximately at the border
between subreaches 3.03 and 3.04, While the Melton Hill Reservoir (subreach 1)
nest sites are within 15 km of subreaches 3.01 and 3.02, due to the availability of
suitable habitat nearer to their nests and that the mean foraging radius is 1.7 km,
birds from these nest sites are unlikely to forage within subreaches 3.01 and 3.02.
Therefore, potentially deleterious mercury exposure to these birds is unlikely. In
contrast, the 3.03/3.04 nest site is within 8 km of subreaches 3.01 and 3.02. Birds
from this nest may therefore forage and be exposed to elevated mercury in fish from

subreaches 3.01 and 3.02.

To estimate and model the potential mercury exposure for ospreys at the 3.03/3.04
nest location, it was assumed that the birds would travel up to 5 km from the nest
to forage. Most foraging was assumed to oceur near to the nest, with approximately
50 percent of their diet obtained from within 1 km of the nest, 25 percent obtained
from 1 to 2 km, 15 percent from 2 to 3 km, and 5 percent each from 3 to 4 km and

4 to 5 km from the nest, respectively.

To estimate the mercury exposure for ospreys from the 3.03/3.04 nest site, Monte
Carlo simulation was performed on the sum of the exposure estimates for each sub-
reach within 5 km of the nest site. Exposure from each subreach was weighted by
the proportion of the total diet it was projected to contribute. Mean (+5TD) mercury
exposure for ospreys from the 3.03/3.04 nest site was estimated to be 0.043+0.0041
mg/kg-d. While the 80th percentile (0.046 mg/kg-d) is less than the LOAEL (0.058
mg/kg-d), it is greater than the NOAEL (0.006 mg/ke-d). Because the LOAEL was

not exceeded, adverse effects to ospreys at the 3.03/3.04 nest site are unlikely.
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Effects of Retained Contaminants

To evaluate the significance of the estimated contaminant exposure and determine
the nature and magnitude of potential effects, the effects of the retained COPECs
must be summarized.

DDE. The 80th percentile for exposure of ospreys to DDE at subreach 3.01 exceeded
the NOAEL but not the LOAEL. The osprey NOAEL and LOAEL for DDE were
derived from a study of brown pelicans exposed to DDT for 5 yr (Andersaon et al.
1975). Because DDE is a metabolite of DDT, effects from DDE were assumed to be
comparable to those observed for DDT. Chronic exposure to 0.028 mg/kg-d DDT
reduced reproductive success to 30 percent below that needed to maintain a stable
population. This dose level was considered to be a LOAEL. Beeause an experimental
NOAEL was not established, the NOAEL was estimated using LOAEL-NOAEL
correction factor of 0.1. Because an experimental NOAEL was not established, the
nature and exposure level at which adverse effects to individual birds may become
evident cannot be defined.

Mercury. For the purposes of this assessment, it is assumed that 100 percent of the
mercury (Hg) to which piscivores are exposed consists of methyl mercury, the most
toxic form.

The 80th percentile for Hg exposure experienced by ospreys exceeded both the
NOAEL and LOAEL at subreaches 3.01 and 3.02; exposure at all other modeled
subreaches exceeded the NOAEL but not the LOAEL. Both the avian NOAEL and
the LOAEL are based on a study of mallard ducks fed methyl mercury for three
generations (Heinz 1979). The study was considered to represent a chronic
exposure and a subchronie-chronic correction factor was not used. The only dose
level administered, 0.064 mg/kg-d, caused hens to lay fewer eggs, lay more eggs
outside of the nest box, and produce fewer ducklings. This dose level was considered
to be a LOAEL. Because an experimental NOAEL was not established, the NOAEL
was estimated using a LOAEL-NOAEL correction factor of 0.1. Based on the results
of Heinz (1979), birds experiencing exposure > LOAEL are likely to display
impaired reproduction,

PCBs. The 80th percentile for PCB exposure experienced by ospreys exceeded the
NOAEL but not the LOAEL at subreaches 2.04, 13, 3.01, and 3.02; a similar
relationship (exposure exceeding the NOAEL but not the LOAEL) was observed for
great blue heron at subreaches 2.04 and 3.02. Both the avian NOAEL and LOAEL
are based on a study in which reduced egg hatchability was observed among ring-
necked pheasants fed two dose levels, 1.8 and 3.6 mg’kg-d Aroclor 1254 for 17 weeks
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(Dahlgren, Linder, and Carlson 1972). The study was considered to represent a
chronic exposure; therefore, a subchronic-chronic correction factor was not used.
Effects were observed at both dose levels; therefore, the 1.8 mg'kg-d dose level was
considered to be a LOAEL. Because an experimental NOAEL was not established,
the NOAEL was estimated using a LOAEL-NOAEL correction factor of 0.1. Because
an experimental NOAEL was not established, the nature and exposure level at
which adverse effects to individual birds may become evident cannot be defined.

Osprey Reproduction Surve V

While an osprey monitoring study was not performed as part of the Clinch River
Remedial Investigation, an ongoing osprey reintroduction program is being
conducted by the Tennessee Wildlife Resources Agency in the Clinch/Tennessee
River system. As stated previously, ospreys are nesting at three locations adjacent
to the reservation: two along Melton Hill Reservoir (subreach 1) and one near K-25
on Poplar Creek approximately at the border between subreaches 3.03 and 3.04,
Mean reproductive suceess at these three osprey nests was three young per nest (B.
Anderson, personal communication). For comparison, mean reproductive success
of ospreys in North American ranges from 1.7 to 2.14 young per nest (EPA 1993a).

Weight of Evidence

In this example, only two lines of evidence, literature toxieity data (consisting of
comparisons of NOAELs and LOAELs to contaminant exposure estimates) and
biomonitoring data (surveys of reproductive success), were available to evaluate
ecological risk to ospreys. The strongest line of evidence is the biomonitoring data.
Because reproductive success among the nests adjacent to the ORR is high relative
to success observed among other osprey populations in North America, adverse
effects are not suggested. Consideration of the literature toxicity data indicates
that significant risks are present within only two subreaches {(Poplar Creek 3.01
and 3.02). These risks are attributable solely to mercury. Risk from mercury is not
retained, however, when exposure is recalculated taking into account the spatial
component of osprey foraging behavior. Because neither line of evidence suggests
that significant adverse effects are occurring to ospreys, the conclusion of the weight
of evidence is that contaminants from the ORR do not present a risk to ospreys.
Table 8 summarizes the weight of evidence.

Uncertainties Concerning Risks to Piscivorous Wildlife

The final step in risk characterization is to summarize the uncertainties associated
with the assessment and to outline the potential impacts they may have on the
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Table 8. Weight of evidence for ospreys.

Evidence Result Explanation
Literature Toxicity - Comparison of Hg exposure estimates to LOAELs indicates
Data that anly within two subreaches (Poplar Cresk 3.01 and 3.02)

are significant risks present. Risk from Hg is not retained when
exposure is recalculated taking into account the spatial
component of ospray foraging behavior.

Biological - Reproductive success of osprey adjacent to the ORRA is high
Surveys relative 1o other osprey populations in North America.
Meadia Toxicity MA Toxicity tests were not performed for osprey,
Tests
Weight of - The weight of evidence suggests that contaminants from the
Evidence ORR do not present a risk to ospray.

conclusions. The sections below deseribe the uncertainties associated with the
previous example.

Bioavailability of contaminants. It was assumed that 100 percent of the contami-
nant concentration reported in fish and water was bioavailable. Much of the con-
taminants in biotic media are bioavailable: however, the uptake efficiencies for
wildlife in the field relative to that experienced by test species is unknown.
Therefore, exposure estimates based on the contaminant concentrations in media
are conservative and likely to overestimate the actual contaminant exposure
experienced.

Extrapolation from published toxicity data. While published toxicity studies are
available for some piscivores, there are no published data for ospreys. To estimate
toxicity of contaminants at the site, it was necessary to extrapolate from studies
performed on test species (i.e., mallard ducks, ring-necked pheasants, ete.). While
it was assumed that toxicity could be estimated as a function of body size, the
accuracy of the estimate is not known. For example, ospreys may be more or less
sensitive to contaminants than ducks or pheasants.

Additional extrapolation uncertainty exists for those contaminants for which data
consisted of either LOAELs or were subchronic in duration. For either case, an
uncertainty factor of 10 was used to estimate NOAELs or chronic data. The
uncertainty factor of 10 may either over- or underestimate the actual LOAEL-
NOAEL or subchronic-chronic relationship.

Toxicity of PCBs to piscivorous wildlife was evaluated using toxicity data from
studies on Aroclor 1254, Because toxicity of PCB congeners can vary dramatically,
the applicability of data for Aroclor 1254 is unknown.
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Variable food and water consumption. While food consumption by piscivorous
wildlife was assumed to be similar to that reported for the same or related gpecies
in other locations, the validity of this assumption cannot be determined. Food
consumption by wildlife along the Clinch River may be greater or less than that
reported in the literature, resulting in either an increase or decrease in contaminant
exposure. Similarly, water consumption for all species was estimated according to
the allometric equations of Calder and Braun (1983). The accuracy with which the
estimated water consumption represents actual water consumption is unknown.

Single contaminant tests vs exposure to multiple contaminants in the field. While
piscivores along the Clinch River are exposed to multiple contaminants concur-
rently, published toxicological values only consider effects experienced by exposures
to single contaminants. Because some contaminants to which wildlife are exposed
can interact antagonistically, single contaminant studies may overestimate their
toxic potential. Similarly, for those contaminants that interact additively or
synergistically, single contaminant studies may underestimate their toxic potential.

Inorganic constituents or species present in the environment. Toxicity of metal
species varies dramatically depending on the valence state or form (organic or inor-
ganic) of the metal. For example, arsenic (I1I) is more toxic than arsenic (V). The
available data on the contaminant concentrations in media do not report which
species or form of contaminant was observed, Because benchmarks used for
comparison represented the more toxic species/forms of the metals, if the less toxic
species/forms of the metal was actually present in fish from the Clinch River or
Poplar Creek, potential toxicity at the sites may be overestimated,

Fish size selection. Data concerning the sizes of fish consumed by ospreys were
obtained from the literature. Because fish sizes consumed by Clinch River piscivores
may differ from that reported in the literature, exposure may be overestimated or
underestimated.
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10  Summary

This report identified the types of data needed to evaluate effects that smokes and
obscurants have on T&E species. The effects may be evaluated using a combination
of literature-based toxicity data, biological survey data, and ambient media toxicity
test data. These data serve to qualitatively and quantitatively assess the relation-
ship between contaminant exposure and direct or indirect ecological effects on T&E
species.

To determine the appropriate method of data collection, this report outlined an
approach that consists of identifying the T&E species of concern, identifying the
contaminants of potential concern, developing a conceptual model, and selecting
appropriate sampling methods based on the results of the first three steps. Three
common sampling designs (random, stratified, and systematic) were also discussed.

To estimate the extent of exposure to smokes and obscurants, this report discussed
methods of sampling both abiotic (water, sediment, soil, and air) and biotic (plants,
birds, mammals, reptiles, amphibians, terrestrial invertebrates, benthic macro-
invertebrates, and fish) media. Methods of chemical analysis of biological tissues
were also covered in this report.

The report summarized available and appropriate methods of biological survey for
biotic media to monitor abundance, distribution, and T&E habitat identification.

This report presents toxicity test methods for terrestrial and aguatic biota, their
applications, and their strengths and weaknesses. Data generated by these
methods should be used to evaluate if smokes and obscurants actually present a
risk to T&E species.

Finally, the report describes an approach for estimating risks that smokes and
obscurants present to T&E species based on individual lines of evidence combined
through a weight-of-evidence process.
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Appendix A: Standard Operating Procedures
for Collection of Benthic Macroinvertebrates
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BENTHIC MACROINVERTEBRATE MONITORING SECTION SOP-5
SAMPLE COLLECTION AND STORAGE PAGE 1of 10

DATE 10-31-91
BMAP QUALITY ASSURANCE PLAN

SUBJECT: QUANTITATIVE SAMFPLE COLLECTION

Purpose

Provide procedurss for the colleczion of quantitative benthic macroinverebrzie samples irom
streams and White Oak Lake.

Equipment

% denatured ethyl alcahol

Dz polyurethape coated glass jars

X 1 LZ" self-adhesive labels

3(4* X 1" inner sample labels

"Radioactive Material® labels

NEPA chemical identification labels

Surber square foot siream bottom sampler (368-um mesh net)
Hess stream botiom sampler (368-um mesh ner)

Ponar grab sampler with 3 two meter piece of attached heavy dury rope
8" A 107 plastic white phow mays (2}

Squirt botle

Forceps

Mezer stck

Rubber overshoes or hip boos

sheulder leagth black neoprene-coated gloves

Disposable latex laboratory gloves

Yellow Cearea coveralls

Soft bristled brush

Horibe Model U-7 Water Qualicy Checker

Sample Held data sheews (Exhibits 5-1 and 3-2)

Benthic macroinveriebraie sample chain-of<custody forms (Exhibit 7-1)
Clipboard or aluminum carrying case for field data sheets

Na. 2 lead pencil

Pen with waterprocf ink

Large yellow plastic bags (four)

Bex for storing samples during transpornt (see SOP-8)

Forable radiation survey meter (beta/gamma)

Procadures
L. Following the steps in SOP, select sampling locations for each site 1o besampled. 1wt s

are collected from a "Regulated Area” (12 White Oak Lake, lower White Oak Creve. o
Melton Branch), personnel shail wear appropriate protective clothing. Each person shua.t -
wellow C-ares coveralls; the person collecting the samiples shall wear shoulder length nv
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DATE 10-31-91

BMAP QUALITY ASSURANCE PLAN

SUBIECT: QUANTITATIVE SAMPLE COLI ECTION

i

gloves and the person processing the sample shall wear dispasable laiex laboratory gloves.
Before reentering a vehicie and procesding elsewhere; all personnel shall scan themselves and
their equipment. and handle contaminated materials per procedurss In QA-BMAP.19.700,

Collection of Benthic Macroinveriebrate Sampiles from Streams '

a

The type of sampling device used and the number of replicates to be coliected are specified
in each moaitoring plan. Strezm samples are collected with either a Surber square foot
stream botiom sampler or 2 Hess siream botom sampler. I additional 5am;§|i_ing sites
are added 10 2 moniloring program at a later date, the same sampling devies used for this
program will be used at the new site as well.

Prior 10 collection of the fHrst invertebraie sample, measure selected water guality
parameters with the Horlba meter following the procedures described in SOP.-3: water
qualiry parameters are measured only once at each site on sach collection date. Enter the
Zata in the appropriate columns on the sample feld data shest {Exhibiss 5-1 and 3-2).

On the sample fleld data sheet (Exhibit 5-1), enter the daie, beginning time, site name,
wpe of sampie being collected (N = guantitative sample), the initials of the persen
collecting the sample, and the iniuals of the person recording the date and placing the
sample in the sample jar. (See Exhibit 5-2 for instructions for eniening data on the ficld
data sheet),

Don shoulder length black-neoprene ploves and enter the stream with the sampler and a
meler suck just downsiream of the study riffle. Beginning a1 the bonom of the riffle.
move upstredm and siop one transect downstream of the first ransect to be sampled.

Each transect is approximately egual 10 one normal adult step or 2 distance of about one

meter. Moving parallel 10 the transect (across stream), s1op at the ceil located directly
downstream of the cell 10 be sampled. - While leaning forward over the cil 1o be sampled
or while knesling on one knes. securely place the sampling device on the botiom of the
stream within the cell w0 be sampled with the open end of the collection net facing
ubstream and the tp of the coilection net pointing downstream. Make sure that the frame
of the sampling device is placed securely on the botom of the stream. and that 2 good
seal s obzined berwesn the frame and the substrate. If necessary, carefully shift the frame
around in the immediate vicinity ol the cel] while holding the sampler just off of the
botiom of the stream, avoiding Uisturbing the substrate whiie doing this.

Qbtain replicate-specific characierisis following the procegurss in SOP-2

Next. pick up large rocks or other large debris within the fame of the sampling device,
and while holéing each large piwws of matenal just under the surface of the water in Lhe
mouth of the net. rub off anv (linging orgznisms andior auached structurss buslt by
organisms:(e.g. rock cases of wuddnlies) by hand andfor with a soft bristied brush und
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BENTHIC MACROINVERTEBRATE MONITORING SECTION SOP-5
SAMPLE COLLECTION AND STORAGE PAGE 3 of 10
DATE 10-31-91

EMAP QUALITY ASSURANCE PLAN

SUBJECT: QUANTITATIVE SAMPLE COLLECTION

allow them to drift into the collection ner After rubbingbrushing the rocks, visuzlly
inspect the rock/piece of debris to insure that al] organisms and their cases have been
removed. Then place the rocks/debris to either side or Just downstream of the sampling
device but never upstream of the sampling devicse. Rocks parually inside the sampie arsa
should be included only if greater than balf is within the sample area. i

g After all larpe rocks and debris have been cleaned and removed, gzatly but thoroughly
disturb, by hand, the finer substratum within the frame of the sampling device to 2 depth
of approximately 5 cm to 10 cm. This is accomplished by repeatediy digging, stirTing, and
swirling the substrate, which dislodges the invertebrates and zllows the current to carry
them into the collection net Repeart this siep rwice, allowing the water to clear within
Lhe sample area berwesn each repetition. Care should be taken 1o include the entire area
within ihe Tame of the sampling device. The edges of the sample zrea can be sampied
effectively by pushing sediment away from the edges to the middie of the sample arsa and
then repeating the process of disturbing the finer substratum 2s described above.

B Aler the sampling area has besn thoroughly disturbed to disiodge the organisms and the
disterbed material has washed inwo the collection ner, tilt the sampling devics backwards
appreximately <5° and then quickly and forcefully lift it Som the water to allow the
sample debris 10 be washed 1O the tp of the collection net Being careful 1o avoid
submerging the mouth of the net, dip the net back into the water and again rapicly and
forcefully pull it completely our of the water. Repeat this procedure several dmes until
the sample dsbris is concenrrazed inte the tp of the collection met The contents of the
net may ziso be washed 1o the up by splashing water on the ouiside of the net above
any clingng debms,

L Next transfer the sampie debris to a 160z polvurethane-coated glass jar. Samples
collected with the Surber sampler may be wransferred by either direct transferzl (step |
below) or by transferring the sample debris 10 a photo way (step 1 below). Samples
collected with the Hess sampler are wransfersed directly (step | below). Prior to transfer.
place a label inside the sample jar and a self-adhesive label on the ouwside top of the jar
lid with the following information on each: site pame, sampie number, date, and chain-
of-custody number (see SOP-T; siep la). Additonally, placs an appropriately marked
NFPA self-adhesive identification label on each jar; appropriate markings include chemical
name (ethanol) and the health, flammability, and reacuvity numbers (1, 4. and (),
respectively, for ethanol). If the sampie has been collected from an area potentially
conaminated with radionuclides (sce SOP-9), place a self-adhesive "Radicactive Maierial”
label on the extedior side of the jar.
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j»  Direst Transfer - Surber Samples
(1) Fill 2 sample jar approximately one-third to one-half full of 95% denatured alcohol.

(2) Afer the debris from the sample has been washed to the tp of the nar, grab the
tip of the net and its contents and invert the net while mzintzining & grasp arcund
the sample contents, Nexz, carefully empty the sample copteats into the jar while
holding the jar over an 8 X 10" white photo tray. Use of the tray aveids loss of
any spillage.

{3) Reiovert the net and again wash the remaining contents o the tip of the coliection
net following the procedures in siep 2h above.

(4) Repea: this process until all of the sample debris in the net has been transierTed
i0 a sampie jar.

(5) Carefully turn the sampie net inside out and examine it for clinging organisms. Any
organisms found should be carefully removed with forcess and placed into the
sampie jar

k. Transfer by Tray - Surber Samples

(1) Afer washing the semple debris 1o the dp of the collection net, grab the ouside
tip of the net with its contents, invert the net while sull grasping the up, and empry
the contents into an 8" X 10" white plastic photo tray conmining 3 small amount
of 95% denatured ethanol

{2)  Geatly swirl the alcahol in the tray to concentrate the sample debris into one corner.
While holding a sample jar over another 8 X 10" white plaszic phowo tray, pour
the contents ino the jar.

o -(3) Reinvert the collection net and wash the remaining conients back into the tip of the
net by [ollowing siep h above.

(4) Repeat the process of emprying the sample debris into the tray of alcohol and
sample jar. This process should be repeated untl all of the sample debns has bewn
transferred from the trav and net into the jar.

(5) Carefully turn the collection ner inside out and examine it for clinging organisms.
Any organisms found should be carefully removed with forceps and placed into the
sample jar
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BMAP QUALITY ASSURANCE PLAN

SUBIECT:

QUANTITATIVE SAMPLE COLI ECTION

(6)

Il a sample jar is overfilied with alcohol, carefully pour approxmately half of the
liguid from the jar and all of the liguid from the overflow tray back through the
Surber ner Repeat steps (2} - (5) above for wransferting & sample from the
coliection pet and iray to a sampie jar.

L Transfer of Hess Samples

e8]

@

&)

(4)

(5)

()

Carefullv remove the sample bucket from the ner and rinse the inside walls with
953% denatured ethanol using a sguirt bortle to fores the conteas 10 the botiom of
the buckey, leaving some liguid in the bouom of the buckes

While holding the sample far over an 8" X 10" plastic white photo tray, carefully
pour the contents of the bucket into 2 sample jar.

Again, wash the material remaining on the inside walls and screen 1o the botom
of the bucker with ethanol. This process should be repeated unsil all sample
material on the inside of the bucket has been washed into the jar.

Examine the mesh on the side of the sample bucket and piace zny clinging organisms
in the sample jar with forceps.

Finaliv, carsfully turn the net of the Hess sampler inside out and place any clinging
oreanisms into the sample jar with forceps.

If 2 sample jar is overfilled with aicohol carefully pour approximately half of the
liguid from the jar and all of the liquid from the overflow way back through the
Hess bucket. Then repeat steps (1) - (&) above for ansfering 2 sampie from the
sample bucket 10 & sampie jar.

After taling the last sample at a site. invert the net of the sampling devics and thoroughly
rinse it out in the stream. For the Hess sampler, rinse both the net and bucket

Placs each sample jar into a shipping container for transport following the procsdures in

SOP-&

Within one week after collecuon, rvrlice the alcohol of each sampie jar, and dispose of any
liquid and solid low-level compactihle wastes [ollowing the procedures in SOP-S.

Al the end of each day, enter 3 summan of the dav's sampling activities in a registered loghook
maintained in the PI's office (Busdine %15, Room 308). Additional information should also
be included in the summary such av =varher. unescal conditions, any problems encountered.

B,
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SUBJECT: QUANTITATIVE SAMPLE COLLECTION

7. Collection of Benthic Macroinveriebrate Samples from White Cak Lake

2 Follow procedures in step 1 of SOP-5 prior to and afier completing work in
White Czk Lake,

b. Pror to collecting the frst sampile, obtain selected water quality measurements from the
surface of White Oak Lake with an Horiba U-7 Water Quality Checker following the
procedures in SOF-3; obain only one measurement for each parzmeter on each collecuion
data.

. Quantitstive samples are collected in White Oak Lake from 2 boat with a Pertite Ponar
grab sampler (15 em X 15 ¢m). Five samples are takea from a permanently marked
trapsecr (see SOP-1). The first sampling cell is locared approximately 10 m (rwo boat
lengths) from the north bank (right bank facing the dam). Take the remaining four
samples at approximately 10-m intervals actoss the transect

d. After waking the waler quality measurements, grasp the end of the rope on the ponar
sampler and lower the sampler to the bouom of the lake.

e Release the trip mechanism by sharply vaniing up on the rope, and then pull the sampicr
10 the suriace of the water

[l

While holding the sampler over the water and above the net of 2 Surber stream hovtom
sampier, open the jaws of the ponar sampier and allow the contens 1o fall into the Surrer
net 1o imsure that all matesial in the Ponar sampler & washed into the Surber net
repeatedly dip and raise the sampler in the water in the mouth of the Surber net until il
visibie signs of sediment and debris are gone fom its inner surface.

g Wash the fine sediment and debris from the sample by répeatediv raising and lowenng ‘he

Surber net in the water being careful not 1o submerge the frame of the net.  Folliwing

the procedures for transferming 2 sample either directly from a Surber net (SOP-5. siep 1

_or by way (SOP-5, step 2k), transfer the sample to a sample jar conmaining both inxwic

and ouside labels with the site. date, sample number, and chain-of-custody number =<
SOP-7, st2p la for deriving chain-of-custody numbers).

h. Place an appropriately marked NFPA seif-adhesive identification label on cuch r
appropriate markings mclude chemical name (ethanol) and the health, flammabulirs and
reactivity numbers (I, 4. 3nd L respecuvely, [or ethanol), Place a sell-admie
"Radioactive Material™ label on the exterior side of the jarn

L After zll samples have been cullecied. place each sample jar into a shipping containes o
transpont following the procodurss ip 50P-5,
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BMAP QUALITY ASSURANCE PLAN

SUBJECT: QUANTITATIVE SAMPLE COLLECTION

jo  Within one week after collection, replace the alcohol of each sample jar, and dispose of
any liquid and solid low-level compactible wastes following the procedures in SOP-9.

¥ At the end of each day, enter a summary of the day's sampling activities in a registered
logbook mainuzined in the PI's office (Building 1505, Room 308). Addirional information
should also be included in the summary such as weather, unusual conditions, any problems
encountered, sz,

Approval

I-"'.h'l 7 e -
PRINCIPAL INVESTIGATOR WAt idZ . pare 2/357% 2
S
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SUBIECT: QUANTITATIVE SAMPLE COLI ECTION

EXHIBIT 52

Berthic Macoinveriebrate Field Data Sheet Inscuocdons

Data Shest Specific Variables

Insiructions

Horiba Meter No.

Benthos Field Data Sheat No.

Loghook Number

Page Number(s)

Dare REeviewed
Reviewed By
Date Copied
Date Keyed
Date

BTime

Site

Enter the [&C maintenance npumber fom the Horfba meter
along with the dare used

Identification number for each data shest comprised of 2 project
idenufier (BC = Bear Creek; EF = East Fork Poplar Creek;
MI = Mitchell Branch; MC = McCoy Branch; PD = Paducah;
PT = Porsmouth; WC = White Oak Cresk watershed), date
(four digits comprised of sampling month and vear samples were
coliected); and daia sheet page number separated fom the rest
of the ID number by 2 dash. Thus, the feld data shest number
for dara enrared on page 2 for samples collecied in White Qak
Cresk watershed on April 4, 1991 would be WCMSI-L

Registration number for the Ressarch and Technical notebook
in which a daily summary of sampling activides for a specific
projest znd sampling period are entersc.

Page number(s) in Research and Technical notebook where the
daily summary is written
Daie the feld dawa shesr was reviewed for accure.

Initials of person reviewing the daia shest

Date @ photocopy was made of the data sheet

Date the data were entered onto @ compurer

EGMI:. Dayv, and Year (e g, 080285 for August 2, 19863

Time at which vou begin sampling the station. Use 24 hr. clock
(e.g., 1500 for 3:00 PM)

Time at which you sigpped sampling the station, Use 24 &r
clock I site is dry leave blank

Enter applicable site name as in SOP-1, Exhibit 1-1. Laft justify
names, and where enouph spacss &ast, leave a space belween

CRES ]

the "K" 2nd the numerical porton of the name.
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SUBJECT: QUANTITATIVE SAMPLE COLLECTION

EXHIBIT 52 (condnoed)

Data Sheet Specific Variables Instructions .

Sampno Enter sampie replicate number.

Samplee Enter the transect and cell number for 2ach replicate sampie
obizined following the procedures in SOP=.

Depth Depth (In cenuimeters) at which the sample is taken

Substraie Enter replicate sample substrate code obtained following step 1
in SOP-Z

rlow Visuzl estimate of the flow miz. 1 = very slow; 2 = slow;
3 = moderate; and 4 = fast

Temp Warter remperature in °C (right justiy).

Cond Conducinity in us/cm (right justfy).

DO Dissolved oxygen in mg/L (right jusdy).

Gage Staff gage reading taken once on each sampling date. East Fork

Poplar Cresk - S1aff gage at bridge on Gum Hollow Koad. Bezr
Cresk - Staff gage at USGS Gaging Station at beginning of Bear
Cresk Road White Oak Creek - 32 pape at lower most welr
near mouth of Melion Branch Melion Branch - Staff gage a1
weir near its mouth

CGTime Time at which gage was read. Use I3 hr. clock

Col Initials of person aking the sample

HEc " Initials of person recording datz on field datwa sheet

Crg Enter 17 when vou Observe orgamisms in the sample; leave
hlank 1f vou ses nOne present

Com Taier "17 when vou have comment; leave blank when vou have
m womment. Enter comment on back of data sheet with site

and samphke number idenufied

pE Ermer pH value
Cusiody # Enier cnaim-f-custody number from jar. (Ses SOP-T, step 1a).
Sampie Type Entct wmpic tvpe where "N = Quantitadve and

L* = swshiauve (Left justify)
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SUSIECT: QUALITATIVE SAMPLE COLLECTION

Purpose

-

Provide procedurss for the collection of gqualitative macroinvertebrate samples from streams and
reservoirs/ponds.

Egquipment

93%% denarurad erhyl aicohol

16 oz polyurethane coated glass jams

Container for vehicle mansponation of samples

17 X 1 12" self-adhesive labels

3/4" X 1" inner sample labels

"Radiative Material" labels

NrPA chemical identification labels

&' X 10° plastic white photwo tray

Forceps

Shoulder length black nsoprene-coated gloves

Horiba Model U-7 Water Quality Checker

D-Frame aguatic dip net (mesh size = 500 um)
Two-gallon piastic bucker

Surber sampler with 368-um mesh net

HEip boots or chest waders

Sample feld daw sheews (Exhibits 5-1 and 5-2)
Disposable latex lzboratory rloves

Yellow C-area coveralls

Larpe vellow plastic bags (four)

Benthic macroinveniebrate sample chain-of-cusiody forms (Exhibit 7-1)
Clipboard or aluminum carrying case for field data sheets
Mo. 2 lead pencil

Pen with waterproof ink

Box for storing samples during transpont (ses SOP-8)
Pgrabie radiaton survey meter (bela/rpamma)

Procedures

If samples are collecied from a "Regulaied Area®, personnel shall wear appropriate proteutie
clothing (se2 QA-BMAP-19-200). Each person shall wear C-area coveralls; the person collevt ~¢
the samples shall wear shoulder length black neoprene gloves and the person processing the wmpyw
shall wear disposable latex laboratory gloves. Before reentering a vehicle and procesding elscwhesr
all personnel shall sean themselves and their equipment, and handle any contaminated items ™~
procedures in QA-BMAP-19-200.
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1. Sample Collecton - Sgeam Sites

i

Enter date, begnning time, sizijon identification name, type of sample being collected
(L = gualitative sampie), and the initials of the sample collecior and daia recorder on ihe
field data sheet (Exajbits 5-1 and 5-2).

Prior 1o sample collection, obtain water guality measurements with an Horiba meter
(see SOP-3). Enler datz in appropriate spaces on the field dara sheer

Al each site, coliest samples from a reach of approdmately 50 m sbove and 30 m below
the nffle from which routine guantitative samples are coilected, being careful o avoid
inclusion of this riffle if mss:bir-_ Sample all visible habitats such as riffles, pools, leafl
packs, undercur banks, rens (habitat with flows intermediate berween those of riffles and
pocls), messes. root hairs, submerged logs, emergent and submergent vegetation, etc. The
amount of tims spent taking a qualitative sampie at each site with the aquaric kick ne:
should be zpprommately 12 to 20 min.

In these habitats having fowing water, face the mouth of the net upsmeam. While
standing upsiream of the ner, disturd the siream b-o‘mmfsubs.mm oy moving your fes:
from side 10 side and with circular motions while moving backwards upsiream, allowing
the suspended marterial 1o drift into the caprure net of the sampler.

In those areas having little or no fow (e.g., pocls, backwash areas near banks), disturb the
substrate by foot and then pull the net through the suspended marerial two of three times
toc collect the suspended organisms.

Sample root heirs along the edpe of a stream by placing the sampie et underneath a
clump of roots and vigorousky shaking the roots by hand (wearing shoulder lengin
neoprens gioves) or by foor

Sample undercut banks by placing the net underneath the bank and rapidly pulling the nel
inand out from under the bank making sure that the suspended material passes inlo the
net: the ne: should also be scraped agzinst the 1op of the undercut bank 1o heip disiedgs
clinging organisms.

In addition to the use of the aguauc dip net to collest organisme, pick up several small
10 large rocks and submerged sucks.ogs and examine them for clinging organisms (2.2
rock case builéing organisms). keeping several specimens of each type of organism seen:
place any collected organisms in1o a sampie jar containing 5% ethancl. Because somc
Organisms bumow into wood as i ages in the water, they will move (¢ 1he surface of the

wood as it air dovs; thus. the cuollected sticks should be briefly retained (approxdmalely 10

10 15 min) and periodically examined while processing the sample collecied in the dip ned
place any coliected organisms into the sample jar
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SUBJECT: QUALITATIVE SAMPLE COLLECTION

L Afnier collectng a sample with the aquatic dip net, fll a 1-zal bucke: approximately one-
third full of sample and then add about an egual volume of siream waler 10 the bucker

J- Swirl the sample in the bucket of water vigorously enough 1o suspend the lighter debris
and lighter organisms. i

k. While the material is still suspended, carsfully pour the suspension through the Surber net
“emng careful oot o allow large piecss of debris to eater the pet

L Hepeat steps | and k above several times untl the amount of material entering into
SUSDEnSIOn s minimal or the water no longer becomes turbid Som the suspended material
{(2pproximately fve 10 ien times).

m. Carefully remove and scan the coarse woody material (2.8 leaves, siicks, erc.) remaining
in the bucke: for Drganisms such 2s spails, musseis, and other organisms which build ceses
with sticks, leaves, and other heawvy marerials.

L. Afier scanning these woody materials, discard them back inte the strezm while leaving the
heavier materials (Le., rocks and gravel) in the botiom of the bucker. The matedial in the
bouiom of the bucket should be poured into a photo tray and scanned carefully for heavier
organisms (e.g. snails, rock c2se building organisms) which may not have been dislodged
wilh the above methods. After scanning this material, discard it into the siream.

0. Repeat sieps | through n untl 31l materdal in the kick net has besn processed.

p- Trensfer the material and organisms washed into the Surber net into a polvurathane coated
glass sample jar by following the steps 10 or 11 of SOP-5. If the sample requires more
zhau one jar, the appropriate information should be reflected on the labels {Le. jar 1of
2 and jar 2 of 2, ec., and the information as indicated in step I below), and noted on the
field data shest in the comment section.

-~ §. If necessary, add additional aleohel to the sample jar, ensuring that all material is covercd
with liguid

r.  Place labels having the site name. collection date, and chain-of-cusiody number {see SOP-T
step 1b for derving chain-of-cusiody numbers) both inside and outside of the sampie jar
Additonally, place an appropriatety marked NFPA self-adhesive identification label on
each jar appropriate markings inéiude chemical npame (ethanol} and the health.
Hammability, and reactiviey numbers (1. 4, and 0, respectively, for emz:m]‘ If the sa.r""lc
has been collecied from an arca potentially contaminated with radionuciides, place a !
adhesive "Radioactive Matenal® lzbel on the exierior side of the jar.
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BENTHIC MACROINVERTEBRATE MONITORING SECTION SOP-S

SAMPLE COLLECTION AND STORAGE PAGE 4of 5
DATE 10-31-91

BMAP QUALITY ASSURANCE PLAN

SUBJECT: QUALITATIVE SAMPLE COLIECTION

After each sample has been collecied, package it in a sample container box for
iransporiation (see SOP-8). Replacs the alcohol of each sample replicte within one weak
afier collection and dispose of any liquid and solid low-level compaciible wastes following
the procedures in SOP-9.

Z Sample Collecton - Reservoirs/Ponds

a4

=

Enter date, beginning time, swation jdentification name, type of sample being colleciad
(L = qualitarive sampie) and the initiais of the sample collecior and data recorder on the
fieid data shesL

Before colleciing a sample, obtain a water quality measurement with the Horiba meter
(see SOP-3). Znter data in appropriate spaces on the fieid dzta shess

Qualitative sampies taken from reservoirs and ponds will key on the collection of those
orgznisms living in the shallow water areas (Le., littoral zone). Sample all visible habitzts
such as rock riprap, submergent and emergent vegelation, old tress and logs that have
fallen in the water, and other dead vegelaton, such 2s leaf packs along the shallow banks.

[~ {8

In soft substraies, scrape the net across the surfacs while appiying 2 slight amount of
pressure 50 that the upper few centimeters of sediment will be forcad through the nev

In areas with much organic debris (e-g., leaves and leafl fragments), repeatedly rzise and
lower the pet 10 suspend the debris and associatad organisms. Then rzpidly pull the ne:
through the suspended material two or three times to collest the suspeaded organisms,

For emergent and submergent vegetation, sweep the net rapidly through the vepetstion
several times 1o dislodge, suspend, and collect the attached Org2nisms.

Collect and geatly rub several large rocks from rock riprap to dislodge the auached
Organisms into the colleciion net. Discard rocks back into the water,

Sample areas containing small gravels/rocks in 2 manner similar (o areas containing a soft
substrate (step d).

If small logsflarge sticks are available, remove and visually scan them for organisms. Afer
the first examination, allow the logs/large sticks 1o air dry and perjodically examine them
over a 10 10 20 minute period for additional orgenisms. Colies TEDresenialive specimens
of each tvpe of orzanism.
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BENTHIC MACROINVERTEBRATE MONITORING SECTION SOP-6
SAMPLE COLLECTION AND STORAGE PAGE 50fs

DATE 10-31-51
BMAP QUALITY ASSURANCE PLAN

SUBJECT: QUALITATIVE SAMPLE COLI ECTION

jo Sample dead emergent type vegetation (ie., tress and shrubs) by rubbing the sample net
frame up and down along the branches and main trunk 10 dislodge artached organisms.
Sweep the net back and forth through the disiodged material 10 collect suspended
Organisms.

k. After collecting the sample, procsss and transfer the material and organisms, and package
the sample following steps 1i through 1s of SOP-6.

Approval

A 7
PRINCIPAL INVESTIGATOR ;J/"/ {énd‘y  patE :E:éj; / 73
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Appendix B: Standard Operating Procedure
for Arabidopsis thaliana 21-Day Seed
Germination and Shoot Biomass Soil
Toxicity Test
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DRAFT STANDARD OPERATING PROCEDURE

revsed 271594

SUBJECT: Arabidopsis thaligna 21-d seed germination and shoot biomass sail toxciry test.

Purposs

To measure the toxicity 10 Arabidopsis thaiiana of test soils DY germination and shoot biomass
producion

Equipment

Promix® potting soil

Test souls. including a reference soil

Araoidopsis thallang (var. Columbia wild-tvpe) seeds

plastic disposable sterile Petri dishes (100mm X 20mm| with covers
Distilled water

Environmental chamber capable of maintaining 25:2°C and 350450 pmol/msec PAR
Forceps

Labeis

Spray bottle

Laboratory gloves

soft bristled, small paint brush

Scissors

Coin envelopes

Resealable polyethylene bags—1 pint capacitv ( e.g. Ziplock®)
Needle or similar puncturing device

Balance accurate to 0.01 mg

Balance accurate to 10 mg

Drving oven capable of maintzining 65:35°C

Drving oven capable of maintaining 100=5°C

White plastic photographic trays (127 X 18" X 27

Weighing tray

Arabidopsis Test Logbook (registered)

Arabidopsis Test Data Logsheets (exhibit 5)

Soil Toxicity Test—Soil Samples Datasheets (exhibit 1)

Soil Texicity Test—Moisture Fraction Worksheets (exhibit 2)
Soil Toxcity Test—Equipment Datasheet (exhibit 3)
Arabidopsis Test—Watering Logsheet (exhibit 4

Heavy white paper

Scintillation vials

Spamula
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coniainer. Hold the paper over a dish and distrioute the e*ds evenly over the dish. either be tapping

tae pager ar using the pamntorush. Tape 2 cover secureiv on the dish. Repeart this step for each
replicate.

3. Repear steps -7 untid all soils to be set up have been inoculated with sesds.

2 Place all Petr dishes in the envircnmental chamber so that the semn dish lies flat. The

avironmentai chamber should be set at 25-2*C on 2 12-h/10-h day/night photoperiod with a light
intensity of 350450 umol/im=sec PAR.

10. On day T- (T, is the day that seeds are added to soil) remove the pers dishes rom the
saviranmental chamber. OUne at @ time. remove the lid from a dish. Counr and record the number
of germinating plants in each petri dish on the Arabidopsis Test Data Logshest Germinarion is
defined as the appearance of the plant coleoptile above the surfacs of the soil medium.
Germination must be  >%0% in the Promix® (the negative conrrol) for the 125t 1o be considered valid
{Greene et al. 1989,

—
e

Thin pianis to 2 density of 10 per dish by plucking our excess plants with forceps. Remove
plants that are clumped together fmt leaving the larger plant. then remove the smallest of the
remaining plants. znd {inally, remove piants hanrazarrﬂv undl ten plants remain. Place the open dish
in a resealable poiythylene bag which has besn labeled with the soil container and replicate number
and puncrured with a c}azﬂ needle or similar 0ol rwentv times over the | DEgs suriace area. Arrange
the dish so that it can sit fat with the bag srancu-g d:]l"g:lt.. Fold the borrom corners of the bag
unue.m-aﬂ:l the dish and tape them in place. Sprav each dish in irs bag five times with distilled water
trom a spray boutle. Sezl each bag and replace it in the snvironmental chamber.

12, From day T 10 dzv Tay, the dishes should be monitored every dav. If conditions within a bag
are dry (e.g. dry soil surface. or no condensation on inside of bag), opex the bag and sprav distilled
water over the Pemn dish Gve times (or more if the soil appears very drv). Document monitonng
information on the Arabidopsis Test Watering [ ogshest

13, On day Ty, remove containers from the environmental chamber. Ona at a time, harvest each
replicate by removing the Pen dish from its bag and. using forceps. separate the plant tissue rom
the soil by gently pulling on the plant. Once the plant is freed from the soil, cur aw av any-attached
below ground tissue with z scalpel (Unpigmented tissue below the basal roseie leaves is below
ground tissue). Remove any soil particles achering to the plant with 2 soft paintbrush. Place all
above-ground tissue from a replicate dish into a com enveiope and label the envelope with the soil
containet and replicate number. Recard the number of "lan..s harvested in each rup.matemmpm
Test Data Lnnxhc-.cr. Repeat this procadure for all To, replicates. Place all envelopes into a drving
oven at 65=5°C,

4 Allew the plant material to dry for >48 h. Remove the envelopes from the oven and place
into a dessicator to cool for at least one hour. Determine the mass of ez2ch envelope's contents
using 2 balance accurate 10 0.01 mg. Record the drv biomass on the Argbidopsiy Test Data
Logsheset

5 Data from :'r-.:__.-:s ldopsis 1est may be entered on @ computer spreadshesr, from which the
the fraction of seeds germinating on T- per redlicate. the mean above-ground biomass per plamt

within each repljcate and the mean soil moisture frzetion of each soil sampie may be calcuiated,
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Green, J. C, C. L Barels, W. J. Warren-Hicks, B. R. Parkhurst, G. 1. Linder, 5. A. Peterson.
W. E- Miller. 1989. Frotocols for Short Term Toxicitv Screenine of Hazardous Waste Sites.
United States Tnovironmental Protection Agency. Environmental Research Laboratary,
Corvallis. OR 97333, EPAJG00/3-88/029.
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3

Soil for wse in : (test pame)

Soil Toxciry Tesi—Soil Samples Datashes:

Sampie Identification Number

Test No.:

Moisture fraction

i
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Soil Toxcity Test—Moisture Fracdon Workshest

Tewr 1T timesdzate into oven: oven id:
data recorded bv: time/date our of oven: oven temo:
I| smpicic = | wmal - | i Damie; | EvErared soif mamorg | drmed sl Dass (g | : Sosrere raction Seac @mEETUrE [achog
| | | | | !
i i | | | =
| ; = ' i
| |
| | | ' :
|

|
| |
| | | | |
| | | | |
| | | | |
| | | | |
| | I | | | I
| : - | |
| | | | |
| | | | |
|
Balance calibration
date of vse equipment id Tas oof ILO000 £ reference initials
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>oil Tomciyy Tests—Egquipment Datashes:

Equipment used for (1est name) Test start date:

Data recorded by:

Instrument description:

Mpdel: Seripg]l -

Location: Leocal ID § (if any):

Calibration information (i.e. ~requency, responsible party, ety

Instrument description:

Hodel: Serial

Ak

location: Local ID % (if any):

Calibration information (i.e. freguency, responsible party, etc.)

i

Instrument description:

HModel: Serial #:

Location: Local ID # (if any):

Calibration information (i.e. freguency, responsible party, etc.):
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Arabidopsis Test—Watering Logsheet

Test name: Tast dates: from o]
Environmental Chamber seral numbers}:

Date of watenng ' [nitials '
| [ |
| | |
. i '
II
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Arabidopsis Test Data Lopshes:

st IT: Tast inttiation date
Datz recorded bv: Eavironmental Chamber seqz) =
W == I
: ” = T ]
s . - = nlans | 10t orv mass (¢ |

Balence calibration:

cai= of use eguipment id T LD NMRE) @ reference s
gats IDmel 2
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Appendix C: Standard Operating Procedure
for Eisenia foetida Chronic Soil Toxicity
Test
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DRAFT STANDARD OPERATING PROCEDURE

revised 1504

SUBJECT: Eisema roenda chromic soul toXiclty test

T zvaluare the erfzcis of soil contaminants on the growrth, moralicy and reoroductive vigor af
the 2arthworm. Eisemao joenda.

Equipmear;

Lisenia foenda—clinsiae adults

Giass finger bowls > 130 ml. capacitv

Ernvironmental chamber czpaple of mamtammmeg 20 = 2°C
Disaiiled warer

Tharmometer

Hanr ness [orceps

Rieseziable polveihvizne bags (e.z. Ziplock® sandwich bags, 6.37X3.9")
Artiricial so1l wich finely ground peat moss (ses step 3 for ingredients)
Czrmemed alfalfz food supsirate (se= step 2 for ingredisns)
Phaotorrav

Bzlance (accurate o 10 mg)

Brzss sieve--30 cm. dizmerer. mesh size berween 840 and 300 p
Paper rowels

Spatula

Sciatiilation wvials

Drving oven capaple of maintaining 100 = 3°C

80 ml. peakers

Grinding miil

Higl pressure shower ggzzie, of simiiar warer spraving device
Couwn envelopes

Earthworm Test [minaon—Data Logshest (exhibit 1)
Earthworm Test—T,, Data Logshest (exiibic 2)

Sotl Toxiciry Test—Moisture Fraction Workshest (exhibiz 3)
Soi Toxicry Test—Equipment Datashest texhibiz 43

Soil Toxicity Test—Soil Samples Datashest (exhibit 33
Earthwornm Tests Logbook (registersd)

Procedure

-

i Chemically resisiant lzboratory gleves should always be worn when handling Elsemg renica
Zdgdinonal sarety prezaunions. such as the wge of sarety glasses. respirators. and fume hoods mav
he necassary wnen nancling seils or poenttally hazardous wasee: The principal mvesnigator (P 1
r the test will derermine the appropniale s;fe‘:;.f measures needed, Likewise, the B, will
erzrmung the appropnate means of waste digposal for soil samples in aceardance with ORNL
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=,

S ap ledst rwo wesks before imuatien of tesi. farmented aifalfa food substrate must be
orepared.  Existing fermented alfalfa used in culmtres mayv be used for the resz, provided the dry
—ass and warer comtent of the alfalfa is known. To make fermented alfzifa. 2dd 2 known mass of
iriz2 aifalfa pellets (o 2 one liter coniamer SO hat approximately. V4 of the zantainer’s volume 15
sceupred.  Fill the contamer with distulled warer. measuring the amount of water added. Seal and
label the conainer. :n:::uding E'-If'}" mass or p&iiﬂ‘.’s_ warer volume added, dzie IEFE:JEEEd. and
oreparer’s name on the label. Allow the alfalfa o rerment for at least 14 davs before using it ina

H11

LY

Ar feast 3 kg zruneizl soul wiil be nesded for use as a negarnve corurol soil (for 30
szolicates). To prepars amficial satl. thoroughly mix the following dry ingredients on a percem
Jry weignt basis.

-- drv silica sand. sieved through a 300u mesh screen—-70%

-- kaclinite clay. sisved through a2 3004 mesh scresn—20%

- sphagnum peat mess. ground in 3 mull 1o pass a Zmm soteen—-0%
Detarmine the pH of the aruficial soil. using mernod S043A (ses 2xhibit < {or procedure zna
squipmenty. [f pH is pelow 6.0, calcium caroonate saould be maxed with the seilto a
concentration no greater than 3% of tol dry waight. The acceptable pH renge for armificiat soil
5 6.0-8.0(Gresen et zi, 1989), Label the contatner of aruficial soil with the date prepared.
oreparec’s name. ingradients with % composition and pH.

=1

<. The day prior [0 (est imitiation. harvest clitellate adult Eisentg foenda specimens from
cultures following harvesung procedures in step & of S0OP-1. 20 earthworms will be reguirsd
zach soil sample. inciuding reference soil(s), pius 60 sarthworms for the amificial soil conerol.
Harvested worms shouid first be rinsed in 2 bowl of distilled water., then piaced in groups or 10-11
im0 finger bowls containing approximately 230 mi of 20 = 2°C distilled water, Each bowl shouid
D:: caversd with 2 paper towel, then placed inrto zn environmental chamber set ar 20 = 2°C.
Eartnworms should be removed from the distilled water within 12-24 h, Eanhworms left in warer
ha yger than 24 h shouid be carsfully inspected for signs of stress (swollen areas. lack of response
to rouch) before use.

oy Record test soil identification information on the Soil Toxiciry Test—Soil Samples
Datasheet for ail soil samples to be tested.

&. Record identification informarion for environmental chambers, balances, ovens and any
other slectronic equipment to be used cn the Soil Toxicity Test—Equipment Datashest. Include
how the instrument is calibrated.
7 Erom among all soils (including reference and arificial soils)) cheose one soil to set uD
and pour aproximately 1.3 kg of this soul no 2 photographic tray. [f the Arabidepsis soul toxicuy
tast is to be set up simultanecusly with this t2st, addirional soil should be poured into the
;nomerapmc trav (se2 SOP 3). Soils should he ser up in random order. Randomizauon .an fe
accemplished in several waysie.g. by generanng -andem numbers which correspond to soul
ontainer numbers) ing the method should Se cocumented in the Earthworm Test Logbook
Elsvate moisiore conrent of this 25t il 1o 2 sumable level for eamhworm sumvival =1 4
orocesdure i necessandly subjective. and <efends Upon e judgement of 2 truned laboratary

L
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technician. Using defined hydrauons such as 75% of water holding capacity t1WHC) for all souis
1Green 2c al. 1989) has proven unsatsfactory in our experience due 1o va riability in soil make- up
under tnese conditions. Eisenia joerida toierate a wide range of moisture levels and soil toxicicy
0pears to be uparfected by small vanmanons (Heimbach and Edwards. 1983). Suitabie molsnure
izvel s artained by adding distilled water 10 the soii sample and mixing the soil thorougnly by
fand. unnl the soil texture 1S hat of a thick mud. Anv solids found in the soil during mixing that
are greater than | cm in diameter should be removed and rerurmed 1o the sal sample container.

i

Fill three pre-weighed scinullation viais with the nvdrarted soil. Labef the vials with the
sample idenufication number, determine the mass of wer soil in each vial and record this darz on
the Soi toxicicy rest—moismure fraction workshese 7 this test s JeIng ser-up simultanegusiy with
the Arabidopsis soil toxicity test, this step 1s dentical 1w step & of S0OP-3, and ne=d not he
repeated. Once vials {or all test soiis to be ser up have besn obtamed. piace the vials ino a
drving oven ar |00 = 3*C. Allow the soil o drv for >48h, remove the vials. allow them to cool
0 room emperaure In 2 dessicator. then weign each vial on a balance accurate o 10 mg. The
ozlance must be calibrated before use. and this action docurnented on the Soil toxicity test
moisture (raction worksheer. Record the dara and detsrmine and record 2ach soil’s mowsure
fraction on the Sou toxicity test—mooisture fraction workshesc

Moisture fracion={Hydrated Soil Mass-Dried Soil Mass)/Hydrated Soii Mass
10. Using a needle. or similar puncturing device, puncrure ten resealable plastic bags twenty
(mes evenly over each Dag's surface. Label each bag with the soil comtainer ang replicate numbper

[ 1-10%,

L Using z sparula. or a glove-protected hand. fill each bag with 150 = 3 2. of hvdrated soil.

13 Place a 1.0 g clump of fermented alfalfa onto the soil surface in ezch bag.
=, Remove rwo fingerbowls comtaining sarthworms and distiiled warer from the

snvironmental chamoer. Weigh the hydrated earthworms two at & time. The worms should be
sceoped from the water with benr nose forceps. piacsd onto a piece of filter paper to draw off
€XCeSs surtace mousture [or a few seconds. then placed on the balance in z tared welghing 1ray
Because the worms rapidly lose moisture when exposed. the first stable mass should be recorded
on the Earthworm TE:SI Intoation—Data Logshess, otherwise the mass reading ‘-’-’IilStﬁﬂ.dlt‘r‘

decrzase as the eamfiworms’' moisture evaporates. Gently remove the worms from the balance
and place the coupie onio the soil surface of their corresponding bag. Repear this siep unul all
replicate bags have been filled. If any earthworm in a fingerbowl is obviously siressed. or dead
tswollen or ruptured clineli are rypical indicarions), do not use any of the ¢arthworms from that
fingeroowl.

L4 Repeat steps 7-13 unul every test soil has bean set up.

g Place all bags into an environmental <hamber. allowing a slight spacing betwesn bags ror
air exchange. The champer temperature should be constanc ar 20 = 2°C with 1 |2 hour day
lighune schedule: Lighr intensity may varv

L& Twentv-one davs afier the test s mutialized. remove the rest bags rom the environmental
chamoer.
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L7 Empty the contznts of one bag iate a phototray, rinse the emptied bag to cemove
adhering soil and pour the rinsate into the phototrav, Search the sod for surviving adult
carthworms. adding more water (o disolve clumped soil if necessarv. Rinse SUCVIVOTINE worm pairs
i distiiled water. then place them into an 80 ml beaker with approximately 60 ml of 22 = 32
distilled warer, [f oniy one worm has survived. it may be discarded since us individual mass
change cannor be dersrmined. Label the beaker with the soil comtainer znd bag replicate numbper
and cover the beaker with a paper towel. Record the number of recovered adulr eanthworms on
the Eamhworm Test—T;, Data Logsheet. Moralitv in the amificial soil controi must be < 10% for
the test to be considersd valld (Gresne e al. [989Y,

L8 Pour the soil ana water from the photorrav into 2 brass sieve |betwesn 340 ang 300
mesn), With a high pressure shower nozzle, rinse the soil through the sieve. [nvert the sieve
over a phowrray ina rinse the remaining matcer om the sieve into the phototray. _Carsfully
inspect the debris for unhatched cocoons. Remove the cocoons. piace them nto a coin envelope,
label the envelope with soil container and replicate number. and record cocoon number on the
Earthworm Test—T., Dara Logsheer.

19, Repeat steps i7-i8 for all T,, bags. Place the beakers containing surviving adult pairs into
an-envirornental cnameerat 20 = 2°C.

20, Remove the beakers within 12-24 b, Transter the worms from =ach beaker imo a
numbersd. pre-weighed scintillation vial. Label the wviai with the soil comtziner ang repiicare
number (vial labe| 2ng mass should be recorded on the Eamhworm Tm—T3= Data Logshest),
Cover each vial with zluminum foil to prevent eanthworm esscape. Place the vials into an oven at
100 £ 53°C and zallow the worms to dry for ><8h (Record time into and out of the oven on the
Earthworm Tesi—T,, Data Logsbest). Remove the vials and allow them to cool in a dessicator.
Determine the final drv mass of the worm pairs using z calibrated balance accurare g 10 mg and
record on the Eamhworm Test—T., Dara Logshess

ol Raw data may te entered onto 1 computer spreadsheer (e.z. Loms [.2.3)on 4 personal
compurer. [rom which caiculations can be made (e.g. survival fractions. soil moismure fracrions).
The change in adult drv mass per couple over the course of the test may be determined by
2stimating the inmai dry mass of the adult pair. This esrimation is based on a regression of wet
welght on dry weight for 49 individuals subjecied to conditions descrited in step £ and ranging in
truzial fresh weighr from 115 me to 623 mg (R*=0.9851. SE=0.001736. intercepr forced through
Z2ro).

DRY MASS CHANGE=0.097871"T, WET MASS-T,, DRY MASS

Methods of stausucal analysis may vary with ~ampling design and dara obtained. Appropriate
metheds wiil be determined and documenies =« :he P I using aveilable literature.

Literature cited
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Eartbworm Test Ininanon—Dara Logshes:

St mamer _ rast dare:

| i Samaie AT Copmimer ¢ | Remicys 2 rem Dav # Adiai fresn maggog
| | TAFMWOrE e

N ALY

(1]
i
(]
=)
(1]

Bafance [D Slass of FOLUU00 g, referene
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Test [D:

Earthworm Test—T.; Dara Lopshest

Data rezorded by [ care;

s vidl ak widl MM * line | ® i v e iy
CORCLnEr #-TET : EINTEL! |  -=zpbns sdisiee iy
|
I |
| =t
| I ”
|

| 1
: | ! | | |!
I |
| | | |
| | |
| | [
| | [ f |
| Ii
| f

I 1
| | | = |

|

|

| | |

| |

i i I
| | | |I
| | |
|
| | |
. . | . ; ! !
| 1
| | |
i | |
1
| | I
- |
| . '
| | [ |
[
| | | |
[ | |
| | | |
| H
1
1
I |
E—

Balancs 1D

Iate “iass of 10.00002, rererance
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Sou Toxcity Test—Moisture Fraction Workshess

Tt (D lime:gare nto gven: JVEn 1d:

Jarz reoarded b Umergate our of oven: Q¥ED t2mp.
T | | | '
fAmET g F Wil O CFER Y T ] AYQII0ES 10k TALE VgL | =med 0 Paly [ 5] mOIEUrE ffisman | MmES masoer fracoon

Balance caliorztion:

& Or use ssroment id nass of [0.0000 g rararencs iniiais
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Soil Tozwclty TeSts—Equipmenr Darashest

Equipment used for: (iest ame) Test start date: Pape of

Data recorded by:

lostrument  descripdon:

Model: Serial #;
|
| Locarion: Local [D # (if aov):

Calibranion informanon (ie. frequency, responsible party, eic.):

| Instrumen: description:

Model: Senal #

| Locarion: Local ID # (if any):

Calibration informarion (i.2. frequency, responsible party, e=c.)-

Insinumear descripron:

Model: Seriaf #:

| Locarion: . Locmi ID & (if aoy):

Calibration informauen (i.e. frequency, responsible parry, erc.):
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Soil Toxicity Test—Soil Samples Damshesr

Ly

oif for use in ! (tesr pame) Test No.

—_—

Dat: re=corded by:

Site o Sample [dentificanion Number Moisture rzeiion Conrainer #
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Appendix D: Standard Operating Procedures
for Toxicity Tests for Aquatic Biota
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ESD TOXICOLOGY LABORATORY SECTION SOP-9
PAGE 1ol 16

QUALITY ASSURANCE MANUAL DATE 10-01-93

SUBJECT: FATHEAD MINNOW CHRONIC TOXICITY TEST

Purpose

To measure the chronic toxicity of water samples to fathead minnows during 7-d Siatic renewal
EXpOSuUres,

Eeference

EPA Test Method 1000.0, in C. L Weber et al., Shor-Term Methods for Exnimaring the Chronic Toziciy
of Effluents and Receiving Waters to Freshwarer Crganisms, EPA/GD04-89/001 ( March 1988,

Equipment

Fa:heaﬂ' minnow larvae (ses SOP-6)
cmperature-conirolled water bath or environmental chamber (maintained at 25 = 2°C)
:}L ute mineral water (DMW; ses SOF-1)
Microbaiance accurate o 0.0001 mg (e.g., Cahn)
Microweight aluminum pans (e.g., Cahn)
Drying oven
10- and 600-mL beakers
250-mL glass beaker or 2 crysiallizing dish
Volumetric flasks
Graduated cvlinders
Fixed- or adjustable-volume pipettes
Dizposable pipette tigs
Various colored stickers {for color-coding beakers)
Polished glass tubing (2-mm ID)
I-mL-pipette bulbs
Siphoning hose with modified Y-shaped tveon connecior
White pilastic photographic tray
i-0z disposable polysnrene beakers
8-0z specimen containers (or eguivalent)
Newly hatched brine shnmp (see SOP-5)
Perforated aluminum foil
Desiceator
Scintillation vial
Formaldehyde solution
Disposabie gloves
Fine mesh aguarium net
Tweezers (or equivalent)
Repistered fathead minnow logbook
Remsiered 1est organism shipment logbook (if required)
Fathead Minnow Test [niormation Logsheet {exhibit SOP-9.1)
Fathead Minnow Daily Test Information Logshest (exhibit SOP-9.2)
Fathead Minnow Dally Test Results Logshest (exhinit SOP-9.3)
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Fathead Minnow Shipment Logshee: (exhibit SOP-9.4)
Fathead minnow Weight and Survival Datz for Lotus Program Logshest (exhibit SOP-2.35)

-

Lotws 1-2-3 computer program

Procedure

. The following tasks shall be performed in preparation for the test

2. Prepare the glassware, Label and color code four 600-mL beakers Der 185t concentration
(or site). Each of these four will be replicates (REPs). Label the necessary graduated
cyiinders and volumetric flasks.

b. Prepare the weight beakers for the tes: larvae. Label 10-mL beakers with the sample,
dilution, and REP number. Predry microweight pans ina 100 =+ 2°C oven for a1 Je2st 2 h.
Place a microweight pan in each 10-mL beaker, and put the beakers in & suitable container
(¢.g., a 250-mL glass beaker or 2 crystallizing dish, depending upon the number of 10-mL
beakers nesded). Weigh the microweight pan from each beaker on 2z mlibrated
microbalance. and record the initizl weight of each pan on the "Fathead Minnow Weight
and Sunvival Data for Lotus Program® logshest, Use rweezers (or eauivalent) to handle
microweight pans. Put each microweight pan back in its appropriate beaker. Cover the
container of beakers with perforated foil, and store in a sealed desiccator. Siore the
logshest in z safe location until the test is over.

Prepare the weight beakers for the initial larvae. Label four 10-mL beakers zs “initial 1.°

“inivial 17 "initial 3," aad "inital 4.7 These beakers will be used 1o find 1he weight of the
larvae that initiate the test. Place 2 microweight pan in each 10-mL beaker, and welgh az
described In step Ib

!’1

. Check the number of in-house larvae available for the 1oxicity test. Only if necessary, order
larvae from an approved outside source. The Laboratory Steward or designes is
responsible for ordering larvae nesded for conducting 1odcity tests.

(1) If larvae are ordered from 2n outside source, the following stepe are periormed.

(z) Glue a "Fathead Minnow Shipment Logsheet” (exhibit SOP-8.4) into the
regisiered test organism shipment logbook. lnitial and date the logshest so that
half of the wTiting exiends onio the logbook page.

(b) Hecord the larvae sourcs, approximate number of larvas received, date larvae
received, and vour initials. Also record the initial temperature of the water the
larvag were shipped in. the lime the lemperature was lzken. the thermometer
number, veur initials, and any observalions or comments (i.e. condition of
laraz).
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{c) Measure the lemperature of the water hourly o record the acclimation of the
testorganisms. Record the necessary information on the logshest until the end
of the workday or until the water reaches —25°C.

g Prﬂparﬂ brine shrimp according to SOP-3.

To start the test do the following.

a.  Glue z "rzthead Minnow Test Information” iogsheet, a "Fathead Minnow Dajly Test
Information Logsheer” and a "Fathead Minnow Daily Test Resuis” logsheet into the
regisiered isthead minnow logbook. [nitial and date each logshest so that half of the.
writing s on the logsheet and half extends onto the logbook page. Note: more than one
daily test results logsheet may be nesded for a 1esu

b. Isolate the larvae. Using a poiished glass tube and pipette buib, transfer ten larvae that
are <I2nold from the haiching chamber to 2 1-0z polystyrene bésker containing 3-8 mL
of control water, Transfer ten larvae for every REP of the test. Also transfer at least ten
larvae {or each initial beaker, :

¢ Begin the 1251 Randomly transfer larvae from the 1-0z polystrene beakers 1o 600-mL
beakers containing about 250 mL of test solution. The amount of water transferred with
the larvae should be kept to 3 minimum to avoid dilution of the test solution.

d. Randomly sr2nge test beakers in 2 temperature-controlled water bath or environmental
chamber {23 = 2°C)

&, Feed the larvae in each 1est beaker 100 gL ( — 1500 shrimp) of newiv-hatched brine shrimp
twice dailvaia — 8 h interval (2t the beginning and at the end of the work day). Record
the fesdinr time on the "Fathead Minnow Daily Test Informartion Lagsheat.”

f. PRecord the 125l name. test number, test dates, sites/concenirations iested, conrrol water

* lype, source of 1est larvae, date larvae hatched, and your initials on the “Fathead Minnow
Test Information” shest

. Record the cate, the tme the firs: test beaker received i1s larvae, the time the last 1est
beaker recaived Its larvae, 1851 name, test number, test dates; 1est beaker and warer bath
or chamoer temperatures, thermomeler number, control water baich number, and vour

initials on the "Fathead Minnow Daily Test Information Logshesr”

h. Record the test name, test number, test dates, and sites/concearsztions tesied oo the
"Fathead Minnow Daily Test Results” logshest.

. Transier 3ll the larvae from the initial beakers into 2 scintilladon vial containing
dechlarinziad tap water. Add several drops of formaldehvde soletion. The scintillation
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vial will now contain at l=ast 40 larvae. Label the vial with “initais,” the date and the
name of the 125 Siore the vial in 2 safe locaton unti the end of the test

!..p.l

Repeat the following renewal procsss every dav, starting 24 h after the test begins and
continuing uniil the test is finished on Dayv 7.

a.  Use fresh sampies and make fresh dilutions:
b. Fesd the larvae 100 pL of newly-hatched brine shrimp a minimum of 2 h prior 10 solution

renewal. Hecord the feeding time on the "Fathead Minnow Daily Test Informartion
Logsheat”

F'.|

heasure the temperature in two test beakers and record on the "Fathead Minnow Daily
Test Iniormation Logsheer.” Adso record the water bath or chamber temperature and
thermomeier number,

d. Prior 1o solution renewal, carefully pour test water (— 180 mL total) from at least two REF
beakers into z jabelled beaker or plastic cup. This water will be used 10 delermine the
final pH and dissoived oxygen conesntration. NOTE: test water will only need 10 be
collected from sites or concentrations in which water chemisiry is being performed.

e. Change the water in al] REP beakers for 2 particular concanrration (or site) before stariing
the next four-peaker serjes.

(1) Siphen off old water, excess shrimp, and detrites from the beaksrs, using rubber
tubing and 2 medified foot made from a Y-shaped tygon conpector, Siowly siphon
the water from the beaker into = white plastic photographic tray until —50 mL of
old 125t solution remains.  Control the flow through the'siphon by holding one
pioved finger over the end of the tubing.

{2) If any larvae are accidentally siphoned off with the water, retrieve them from the
plastic tray, using a polished glass wube apd pipette bulb. Then rerurn them 1o the
beakers,

(3) Record the number of larvae surviving in each beaker, the 1o1al number of lanvae
alive for each concentration, and any appropriate code (see the "Fathead Minnow
Draily Test Resulis® logshest for key to codes) on the *Fathead Minnow Daily Test
Resul” logshest in the regisiersd fathead minnow logbook. Discard the dead larvae.

{4} Add -250 mL of fresh sample o each beaker. Add the fresh solution very slowly,
gently pouring it down the side of the beaker 1o avoid disturping the larvae.

f.  Record minor lest non-conformities {e.g., a temperaturs that falls outside the accepiable
rangel), on the “Fathead Minnow Tesi Information” logshest.
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£  Fesdthe larvae 100 uL of newly-hatched brine shrimp —~8 hafter the firer feeding. Record
the fesding time on the *Fathead Minnow Daily Test Information Logsheer.”

4. Method for terminating the fathead minnow chronic toxicity test whez performed in the
Toxenlogy Laboratory, Room 12, Buliding 15

a.  Terminate the test afier the fish have bes=q exposed (o the test solution for 7 consecutive
davs = 2 h.

b.  Siphon our a5 much of the tast solution as possible from a RE? beaker and pour the
remaining soiution {containing the surviving larvae) through 2 fin= mesh aguarium net
Carefully ninss the larva with distilled water 10 remove any excsss food or detritus, if
NECTSSary.

¢ Kill the larvae that are retained on the pet by severing their spinal cords with forceps.

d. Obtain the corresponding 1-mL weight beaker prepared in step 1b, Remove the
microweight pan from the beakar. Using forceps, remave the larvae from the et and place
on the microweight pan. Return the pan 10 the beaker. Place the beaker in 2 suitable
container. Continue this procsdure for the remaining REP beakess,

¢.  Obrain the scintillation viaj containing the initiz] larvae. Pour the contens of the vial
through the aguarium net 1o cbain the larvae. You may need (o rindé the vial severa]
times with cistiiled water 10 remove 21l the larva. After all the larvae ars oo the net, rinse
the larva several times with distilled water to remove the formaldehvde solution. Remove
ten larvae from the net and place on the preweighed microweight pag from an initial
beaker. Repeat this procedure for all four initial beakers. Discard the waste formaldehyde
solution in an appropriately labeled bottle located in the fume hood in Room 11,
Building 1504,

£ Cover the conuminer holding the beakers with the micToweight pans with perforated
aluminum foil. Place the container in a drying oven and let the contents dry 2 minimum
of two hours =1 100 = 2°C

g. Remove the conwiner from the oven and place in a desiccator 2 minimum of four hours
to cool the lanae before weighing them on a calibrated microbalance.

. Record the final pan weights 2nd the number of larvae surviving in 2ach beaker on the
“Fathead Minnow Weigntand Survival Data for Lotus Program® logshest that was prepared
in'step Lb.
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5. Method for terminating the fathead minnow chronic toxicity test when performed in laboratory
facilities other than the ESD Toxicology Laboratory, Room 12. Building 1504,

a.

B

T

Foliow the procedure described in sieps 4.2 through 4.e with the [ollowing exception:

1. Screw-zp scintillztion vials will be used in lieu of 10-mL beakers for drying and
transparting the lanvae.

If the facility in which the test is being conducted contains 2 drving oven, place the viais
containing the microweight pans and larvae in the oven for at least 20 minutes a1 100 =
2°C. Remove the vizls from the oven and let cool 21 least 20 minuiss before capping and
transporting io the E5D Toxicology Laboratory.

Upon return to the ESD Toxicology laboratory, uncap the vials and place in a suitable
container. Cover the container with perforated aluminum foil and piace ina drying oven
for at lesst two hours ar 100 = 2°C.

emove the coniainer from the oven and place in a desiceztor a8 minimum of four hours
10 cool the larvae before weighing them on a calibrated microbalance.

Record the final pan weights and the number of larvae surviving in each beaker on the
"Fathead Minnow Weight and Survival Data for Lotus Program” logshes: that was prepared
in step Lh.

Il the facility does not contain a drying oven. transier the larvae 1o the preweighed
microweight pans in (ne corresponding scintillation vials. If possible, allow the larvae 1o
air dry ai least 24-h before capping the vials and transporting them to the ESD Toxicology
Laboratory. Continue with the procedure described in sieps 5.c through S.e.

6. Calculate the mean percent survival and mean growth of larvae in each concentration using z
Lotus ]-2-3 program.

d.

Important keys and notes about the directions below.

{1) Use the arrows on the kevboard to move around the workshes:

(1) Usethe forward slash (/) 1o get 10 the main meau.

(3) Use the Esc key 10 get out of trouble and move 1o the previous selection/menu.
(4} Commands ic be ryped are in single guotes, do not type the quoation marks.

Turn on the compuisr and printer if they are not already on.



178 USACERL TR-07/140

ESD TOXICOLOGY IABORATORY SECTION SOP-9
PAGE 7ol 16
QUALITY ASSURANCE MANUAL DATE 10-01-93

SUBJECT: FATHEAD MINNOW CHRONIC TOXICITY TEST

¢ Stam Lotus 1-2-3,
(1) If the prompt on the screen is C, iype "12%, and press enter;
(Z) If the prompr is CA\WPSC, type 'cdV, enter, type 123", and press enter
(3) If the prompt is A:\ type "C:, press enter, Type '125" and press enter;
(4) If the prompt is B\ type 'C2", press enter, type '123°, and press enter.
d. Retrieve the Lotus 1-2.3 workshes: entitled FHM,. WKL

(1) Obuwzin disk (low density) labeled "FHM Worksheet®. It will be next 1o the computer
designated for laboratary use or available from the Principal Investigator.

{2) Place the disk in the lower {B) drive.
(3) Type ' (forward slash).

(#}) Type'F (fle).

(=)  Type 'R' (remieve),

{6) Use the arrows on the kevboard 1o highlight FHM. WK (If vou don't see FEM WK1
at the 10p of the screen, press the page down kev until you find FHM, WKI)

{7) Press enter
. Enter the Test Description Data.

(1} Use the arows w highlight the entry after "Date:* (column B, row 1). Type an
apostrophe (7), the month the test was conducted, a forward slash () the first day of
the test, a hyphen (-), the last day of the test, a forward slash (), and the year that
the test was conducted. For example: "01/05-1289. Press enter.

(2)  Use the arrows 1o highlight the entry after “Test Name:” (column B, row 3). Type
the name of each test conducted and press enter. For example, Coal Yard Runaff
Treatment Facility, Nonradiologieal Wasiewater Treatment Plant

(3} Use the arrows to highlight the entry afier “Test #:° (column B, row 5). Type an
apostrophe ('), test number(s), and press enter. For example: "208,292.

(#)  Use the arrows 10 highlight the entry after "Tester:” (column B, row 7). Type your
name and press enter.
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L

(5) Use the 2rrows to highlight the entry after “Comments:* (column B, row 8), If you
nesd 10 change the comments, type the new information and press enter.

Enter the fathead minnow weight and survival data.
(1) Obtain the "Fathead Minnow Weight and Survival Data for Lotus Program® logsheet
(exhibit SOP-8.1) that you filled out when you weighed the microweight pans and the

microweight pans + larvae.

2)  Use the arrows on the kevboard 1o highlight the first concentration in the *4"
colume.

(3) If the concentration nesds to be changed (refer to the log shest), type an apostrophe
("), the new concentration, and press enter, Repeat for each concentration. If vou
nesd 10 add addirional concentrations 10 the workshest go 1o step 5g. If there are
more Doncentrations on the workshest then you nesd, go 1o siep Sh.

(4)  Use the 2rrows on the kevboard 1o highlight the first entry under column *C entitled
"PanWr'. Refer to the log shest. type in the new pan weight, and press enter.

(5) Use the right arrow to highlight the first entry under column ‘D" entitled
"Pan+lan’. Refer to the log sheet, type in the new pan-+larvae weight, and press
enter,

(6)  Use the right arrow 1o highlight the first entry under column “E” entitled *NoSunv.
Refer 1o the log sheet, type in the number of larvae surviving in that repliczie, and
press enter.

(7) Repeat for each successjve replicate and concentration.

(8) DO NOUT enter any data in columns "F 10 "J"

Add exira concentrations 10 the "FrEM. WKI" workshee! as follows.

(1) Determine the number of extra concentrations needed.

(2)  Use the arrows 10 move 1o the first concentration in the workshest. (You should be
in the "A" column.)

{3) Type V' (forward slash).
(4)  Type 'C’ (copy).

(57 Use the right arrow 10 move the curses over 10 the 1" column.
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(6} Use the down arrow to highlight the number of extra concentrations that you nead.
(7) Press enter.

§)  Use the down arrow to go 1o the first blank line at the bouom of the work shesr
B
(1L s where the exira concantrations will be added).

(9) Pressenter. The extra concantrations should appezr at the bouem of the workshest
o 1o step 5f to enter data.

b. Erase exirs concentrations as follows;

(1)  Place the cursor on "Rep#1° line in *A” column of the first concentrations that vou
wall i0 érase.

(2) Type ' (forward slash).

(3} Tvpe 'R’ (range).

(#) Type E (erase).

(5)  Use the right arrow (o move the Cursor 1o the "I column.

(6) Use the down arrow to highlight the number of concentrations that ¥OU Wwant 1o
Erase.

{7) Press enter.
L When you have "0° survival in a replicate complete the following steps.

(1)  Use the arrows on the keyboard to move the cumsor to the " column for that
TeplICate.

(2) Type '/ (forward slash).

(3} Type 'R’ (range).

(4) Type 'E (erase).

(3} Use the right arrow 1@ move the cursor to the *G° column.

(6) Press entern
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Tt

o)
(8)
(%)

Use the left arow 1o move the cursor 1o the "E” column titled "NoSuans”.
Type 'O

Press enter.

When all the new dats have besn entered, save the flie onto the disk as follows,

[ype ' (forward siash).

Type 'F (file).

Type 'S’ (save).

*Enter save file name: B:\fhm.wk1" will appear at the top of the scresn.
Type st followed by the test number. For exampie: 5811

Press enter.

t the workshest as follows.

Press the "Home" key (this will move you 1o the 1op of the workshest].
Type '/ (forward slash).

Type 7' (prnt}.

Type 'P" (printer).

Type 'R’ (range).

Use the arrows on the kevboard to highlight the entire workshest
Press enter.

Type 'O" (options).

Type 'S’ (set-up). If the set-up reads 015" press enter (this compresses the print).
If the set-up does not read 0157, enter "015°.

Type 'Q’ (guir).
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(11) Type'A'(align). This tells the printer to align the top of the page. Make sure your
paper is lned up in the princer.

(12) Type'C' {go).
. Exit the Lotus 1-2-3 program as follows.
(1} Tvpe ' (forward slash).
2}  Type 'Q’ (quit).
(3) Tvpe Y’ [yes).

7. Test acceptability criteria is based on 80% or greater survival in the controls and a mean dry
weight of survving control larvae of = 025 mgfish. Notifv the Group Leader if the
acceptability criteriz are not achieved.

8 Glue the Lotus 1-2-3 weight and survival worksheer in the registered fathead minnow logbook

2. The technician responsible for conducting the test will make a Xerox® copy of the applicable

test logsheews from the regisiered fathead minnow logbook. Place the copies in the packup
fathead minnow test notebook.

10.  File the original "Fathead Minnow Weight and Survival Data for LOTUS Program Logsheet”
in the fathead minnow original weight shest notebook located in Room 12. Building 1504.

m—

| Approval

All Standard Operating Procedures generated by, revised by, and/or applicable to the ESD
Toxcology Labommqr must receive the signed approval of the Group Leader.

Approved by Ao K-g—wr:—«* SEE

/ Jf Gpoup Leader (@ Date

s

j {
Efective Date .fﬂ.frl'[“’.'":)
- i
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Conool Water Type (v
0% Diue Mipsm! Water (DMW) — Tracs Mewis (=)
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Qther (descmibe): O
Somes of Tex Larvae (#:
ESD Culmzrss O
Floridz Bipassay U
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— — e e e e — —_— i
i Dar Descrmooon of Mon-Conformimy | Inmzals |I

Exhibjt SOP-9.1, Fathead Minnow Test Information Logshesr
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Exhibit SOP-9.3, Fathead Minnow Daily Test Results Logshesr
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. Fathead Minnow Shipment Logshest
I Larvae ,. Mo, Beceiveds I Dare ‘ Ressived By:
| Soures: {Approx. 1 | Reczived: {Inisials)
‘ : Hour |
| RN
Tema. () ‘ ‘ ‘ ‘ . |
Time: ‘ | '
| |
Therm. No. | ! ' |
|
inials: ‘ | | |
| |
= —

Comments (e.g..condifien of larvas reczived)

Sxhibit SOP-2.4. Fathead Minnow Shipment Logshes:
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Purposs

To measure the chronic toxicity of ambiest or waste waters 1o Ceriodaphnia in 74 static renewai
exposures.

Reference

EPA Test Method 1002.0, in C. L. Weber et al., Shorr-Term Methods for Estmaring the Chronic Taxiciry
o7 Zifluent and Recerving Water fo Freshweorer Crzanisms, EPAJ600/4-89/001 (March 1989).

Equipment

Ceriodaphnia neonates (collected per SOF-)
Temperature-controlled water bath or eavironmental chamber (maintained ar 25 = 2°C)
Dilute mineral water (DMW: see SOP-1}
--0z disposabie plastc beakers (pre-rinsed in distilled warer, if necessary)
OZ SDeEmEen Coniziness
Cilass wbing (2-mm D) cut to approximately 17 cm, with ends polished
Pasteur pipeues
1-ml pipetie bulbs
Hoiding racks for 10z plastic cups
Randomizing templates (exhivit SOP-10.1)
Thermome:er
Cerodaphnia food (YCT and Selenasmum: ses S50P-3)
Volumertnc flasks
Graduated cylindess
Fixed- or adjustable-voiume pipetie {e.g. Eppendari)
Light table
Binocular stereomicroscape (optional)
Magniiying lamp (optional)
ezistered Cerodapnnia toxicity test logbook
Sample randomizing template (exhibit SOP-10.1)
Ceriodophnia Information Shest for Randomized Test (exhibit SOP-10.2)
Dzily Survival and Reproduction Logshest for Randomized Ceriodapitnia Test (exnibit 5OP-10.3)
Ceradaphnia Daily Test [nformation Logshest (exhibit SOP-10.4)
Cemodaphna Informzuon Shest for Non-Randomized Test (exhibit SOP-10.5)
Daily Survival and Reproduction Logshest For Non-Randomized {Cenodaphnia Test
(exhibit SOP-10.4)
Lotus 1-2-3% computer software program

4

WordPerfet® computer sofrware program
SAS® computer sofrwars program
Data ¢isk labeled "Cemodaophnia SAS program”
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L Procedure for conducting the Ceriodaphnia randomized test

NOTE: Toxicology Lzborztory personnel have the option of conducting ambien: tests using either
this method or the procesding method.

A.  In preparation for the test, complete the following steps,

B.

1L

&

=

Glue 2 "Cenodaphnin Information Sheet for Randomized Test”, 2 "Daily Survival and
Reproductior Logshes: {or Randomized Ceriodaphnia Test”, and 2 "Cenodaphnis Daily Test
Information Logsheet” into the registered Ceriodapanis toxicity test logbook Initial and

dare each logsaest so that half of the wnting extends onto the logbook page.

Prepare the giassware. Label the necessarv volumetric flasks, graduated ovlinders, and -0z
Specimen CoRIAIneTs with the site identification (sample name) and dilvtion. In addition.
label 8-0z specimen containers with the site identification. dilution. and *fnal prEand D.OS
These containers will be used 1o collect test water during the daily renewal,

Collect the neonates [or the toxicity tesi (ses SOP-2).

To s1art the test, 1he {ollowing sieps are performed.

L

[

Lab

.‘h'

Prepare the 125: concentrations spesifed in the test write-up prepares by the Laboratory
Sieward or gssignes in accordance with the procsdure described in SOP-8. Include 2
‘control” (consising DMW) for each individual test conducted.

Record the concenirations on the *Cerodapania Information Sheet for Randomized Test™,
reserving 1" for the control (DMWY,

Record the {ollowing additional information on the "Ceriodaphnic Information Shest for
Randomized Test*

a. Test name, test number, test datas, stock used (if applicable), contrel water (DMW) and
dilution water types and baich numbers, the source of test animals, and your initjals,

Select a randomizing template. Use a different template for each holding rack nesded 1o
conduct the 1251 Record the template number on the "Ceriodaphnia Information Sheer for
Randomized Test" logshest.

Place the tempiate under the holding rack so that the numbers on the 1zmplate are aligned
with the holes in the rack. Pour 15 mL of sach 1est concentration inwo ten individual
replicate (RZF) beakers and place the beakers in the corresponding positions in the rack
For example. the ter beaksrs containing conirol water are placed in sach of the holes whare
there is @ "1." Continge this procedure for each 1est concentration.
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oy

Using the fixed- or adjustable-voiume pipetie, add 50 pL of YCT and 30 oL of Selenasoum
1o -each beaker,

7. Using a Pasisur pipette, place one necnate (collacied as in SOP-) in 2ach test beaker as
[ollows,

z. 'Obtaina beaker with 2 minimum of 8 neonaies from one aduli {colizcted as in SCP4).
Placs one neonate 1n each of Lthe six tesi beakers in the firsi column on the test board.
Selert anoiner pezker with a2 minimum of 8§ neonates from one adult and placs one
neonate (nic =ach of the six 15t beakers in the second column of the 1251 board, Repea:
this proesss un:il each of the 60 beaksrs coniains one neonals.

b. This procecure silows the performance of esch adult o be tracked. Adults that producs
one wezk oifspnng or male offspring have a greater likelihood of preducing more young
that are mzles or weak. ln thiz manner, if a1l of the REPs for 22ch concentration are
male or hzve low reproduction. they may be axcluded from statisti=l analyses.

& Record the kcliowing information on the "Cerodapania Daily Test information Logsheer”
Refer o the logshest for specific information required.

a8, Test name. tes7 number, 1est daiés, emperature information. fzsding information,
siarting and sading times (Le.. the time the frst neonate was addad to the test 1o the
time the |25t n2onate was added’, DMW batch number, test initistion date {Day 0), and
vour inigals.

9. Record the foliowing information on the "Dailv Survival and Reproduction Logshes: for
Randomized Canodaphnia Test.”

3. Test pame, 1est number, test dates, and 1emplate number.
C.  Perform a 24-k renewal each day during the 7-d 1est period.

1. Prepare {resh concentrations zach day,

I

Using z poiisaed zlass tube affized to 3 pipetts bulb, transfer each animal 1o a new 1est
beaker coniaining 13 mL of freshly prepared test solution and 30 gL of YCT and 30 L of
Sefengsmum. Countand record (for the appropriate day and replicate) tae number of young
in each besszr an the "Daily Survival anc Reproduction Logshes: for Randomized
Certodapnmc T2st” If no young were produced. code the acult appropmately (refer 1o the
codes on the ‘Daily Survival and Reproduction Logshest for Randomized Cenodapania
Test™). Eo ihe= beaker over = light table will facilitate counting the number of young
produced. A dissacting microscope may also be used.
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In

Carefully pour the old test water from at |east eight REP beakers into the 80z speamen
containers marked “final pH and DO." NOTE: you will only nesd 1o collect test water from
the comesntraucns used for warer chemistry analvses. Discard the remaining neonates
produced by tbe test amimals and the oid test water in accordance with the procedure
outlined in 5CP-7.

Record the date of wransfer, time of transfer, fesding information, DMW baich number,
lemperature informaion, and your initials on the "Cerodepania Dailv Test Information
Lopsheer® in the repisieres Cenodapnnia toxicity 185t logbook.

Record minor test non-conformities (e.g. 2 temperature thart falls outside the accepiable
range), ok ibe "Cerodapnnw Information Shee! for Randomized Test”

D. Terminating the test iavoives the following.

&

sl

The test shouid be terminared when 60% of the surviving females in the contral have had
their third brood and there is an average of 15 or more neonates per surviving female in the
conwrol. Tos iestis terminated = 2 b from the time it was initiated.

Record the number of neonates in each besker 2< described in C.2 anove.

Record the swrting and ending times of the test 1ake down on the "Ceodaphnia Daily Test
Informaton Logshest” Also recorc the water bath or incubator temperature, beaker
Iemperature, thermomeater numbper. and your initials on the logshest,

Collect the old test water for final pH and D.O. mezsurements as described in C3. Discard
the remaining 1251 water, negnates and adults in accordance with the procedurss outlined
in SQP-T.

E  Generate the summary stalistics and 1ables using SAS® and WordPerfec™ computer software

Programs.

4

i

Create a daiw file using WordPerfect,
2. Turn oo the computer and printer if they are not already on,
b. [Inserta data disk into 2 disk drive,

¢ Accsss the WordPerfeat® program. Commands 1o be typed are in single quotes; do not
Iype 1he guotation marks.

{f the prompt cn the serean is T, nype 'cd WPS1' and press emer. Type "WP'
anc press enier zoain.

15
18]
(2
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(2) I the prompt on the screen is Ad> or Bi>, rype 'C: and press enter, then rype
e WP3l' and press enter again. Type "WP' and press enter

d. Imporznt notes about entering data for the data file.
(1) Capitaiize all letters.

(2) Enter the reproduction data for each test beaker siaring with the beaker number.
Use mwg chammﬁ'r' to enrer the beaker number (e.g., 03, 27}
Or the same line enter the reproduction data. Spar:.. bf:"-rwn each emiry and
return zfier each line. EXCEPTION: DO NOT RETURN AFTER THE LAST
LINE 15 ENTERED. This will normally be line 50.

1

Bempler 32200200 18 22 (Test beaker number 34: followed by seven days of
reprocuction data.)

©

{(3) Entera zero () if the animal was alive and no reproduciion was observed for the
ies1 cav.

(4) If the test was not conducied for all seven days, type a period () in place of the
misting reproduction data.
Exmple: 27 0 0 3 0 15 18 . (Test beaker number 27. The test was
terminated on day 6. No reproduction data for day 7 were available.)

(5) Ifthe test amma. reproduced and died. enter the number of neonates followed by
a cpial X" Type an X for each remaining day the test was conducted.

Exmple: 03008 X X X. {Test beaker number 3. The adult died on day 3 and
had % voung. Test was rer*nma:ed on day &.)

¥ (6) If the test animal died and did not reproduce, enter a capital *X". Type an X for
S4Ch remaining day the test was conducted.

Exmple: 4900 X X X X X (Test beaker number 49: animzl died on day 3.}
(7) Ifthe1sst animal was male, snter a capital *M" for each day the test was conducted,
Eample: ITMMMMMMM

(8) [fihe1=si coniained less than B0 test heskes, enter only the beakar numbers and
reproduction data that wers usad.

e. Enter the Cerpdaphnia survival and reproduciion data.
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fres

When all the data are entered, convert the data file 1o an ASCI file
(1) Press Cul = F5.

(2) Selec opden ] (DOS Texx).

(3} Selec: option 1 (SAVE] and name the ASCI] file.

{2) Sugoeston: Use the 1es1 pame, test number, or 2 combination therest,
foliowes by an ASC exiension. Alsg, designate the disk drive. For example,
If vour data disk is iz the "A" drive, type 'ANWOCTI3LASC and press enter.

Print the dats fi=.

{1} Pressshifi = F7.

{2} Seiect opuon | (Full Document)
Verify dzwa inpot

(1) ©On 1he copy of the data file you printed in step g, write the 1851 name, test number,
test date and 1emplate number. Verify the accuracy of the inpurted data against
the ongnal data in the registered Ceniodapania test logbook Initial and date the
prnted copy afier the daia have been verified. File the original in the
"Ceriodaphmis toxcity test ASCII fiies” nowebook loczted in Building 1504,
Room 12

Exit WordFarfem,

(1) Press 55

() Press Y’ if you want 10 szve the data file vou created. It is not necessary 1o save
this file in WordPerfect since it was saved as an ASCII file. If vou do save the data
file, foliow the instructions described in 3a above except do not use the ASC
extension.

(3) Fress "N if you do not want to save the data file, then press "Y' 1w ext
WordPerfac,

2 Generate the summary statistics and tables using the SAS® computer program.

a. Access the SAS® sropram. Commands to be typed 2re in single guotes; do not type the

QuOoLalion marks.



194 USACERL TR-97/140

ESD TOXICOLOGY IABORATORY SECTION SOP-10
PAGE 7of 33
QUALITY ASSURANCE MANUAL DATE 10-01-93

SUBRTECT: CERICDAPHNIA CHRONIC TOXICITY TEST

(1) If the prompt on the screen is Cii> WPS1. type 'cd CV and press enter.

(2} If the prompt on the scresn is CA\>, type 'cd SAS' and return. When Ci\SSAS>
appears, fype 'SAS' and rerum again.

(3) If the prompt on the scresn is A%> or B>, type 'C:" and press enter. Foilow the
instructions described above.

b. Insert ths datz disk titled "Cerlodapanic SAS Program” into a disk drive. NOTE: All
pracesding instructions will be based on using the B drive for the data disk. [f another
drive s used, make the appropriate substitution.

¢ Important keys and notes about using the SAS program.

(1) The SAS screen is divided into thres sections: Cutput, Log, and Program Editor.

£220 section title s followed by & command line
(2} Pres FZ 1o move berwesn the sections.
(3) Press 77 to pull up a full sereen for the section in which the curser [iss,
(#) Press F10 to execute the SAS Drogram.

(5) Curl + break ("pause key*) will s10p the program.

d. Load the SAS program written for compiling the Ceriodaprnia réproduction data.

Commands 16 be typed ars in boldface princ

(1) If the curser s not on the command line of the Program Editor section, press E5
until it is in the proper location,

B {(Z) At the command line, type include “br\able prg® and press enter.
3) Press F7 1o pull up 2 full screen.

(#) Use the page down (PgDn) and/or arrow kevs (4 t) to move to the last line
(Should be line 271). The line should read as follows:

%c::riar_iiile.:empt‘:l,da:a:‘:l,tzmp,nc-:mc.d:sys,c1,.:?.1:;3,04,*._*',:5]
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(3)

(6}

(8)

(%)

(10)

Replace the following, Tex to be yped are in boldface print. Do not $pace afier
each comma.
Title Designate the name. Suggestion: use the test name or tes; number.
Example: K255TP. 840 = K25 Sewage Treatment Plant, 1est number
R
Tempfil  b:template dar
Datafil  Type the nams of the ASCII file vou created using WordPerfecr
Designarte the disk drive. Exampie: b:\K255TP.ASC
Temp Zater the template numbsr,
Neone  Enter &
Daws Enter the number of days the test ran. This will normally be § or 7.
Ci-Cs Enier the concentrations used in order from 1-6. Refer 1o the

"Cenodapania Information Shest for Rapndomized Test” in the
registered Ceriodapanic logbook  Since C1 s reserved Ipr the
control, this must be z=ro (0). Enter the concentrations tesiad for
C2-C5 as whole numbers. DO NOT ENTER DECIMAL POINTS
OR PERCENT S5IGNS. If there were jec than six toal
concentrations tesied (inciuding the control), use zero (0} as a2 place-
bolder for the missing concentrations. THERE MUST BE SIX
TCTAL ENTRIES, Example: 0, 100, 50, 25, 12. 0 {The first z=ro
designates the control, the last zero is a placs-hoider).

Press F10 to run the SAS program.

After the program has fnished compiling the data, press F5 once 10 move the
curser 1o the Output section on the scresn.

Type file 'LPTI or fle ‘pro’ to send the output 10 the printer. Noie: This
command is appropriate for the computer and printer located in Room 12

After the document has printed, trpe bye to el SAS.

n the registered Cerlodapania toxiciny test
alf of the writing extends onio the

Glue a copy of the outpul document 1
logbook. Initial and date each sheer so that &
logbook page,
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(11} The technician responsible for conducting the test will make 2 Xerox® copy of the
applicable log shests fTom the registered Cerfodaphnia test logbook. Place the copy
in ihe dackup Ceripdapnnio test notebook.

3. Test accepuability criteria is besed on 80% or greater survival in the controls and
reproduciion in the controls must average 15 or more young persunviviag female. If the rest
does not mest these criteria, netify the Group Laader or designes.

IL Procedure for conducting the non-randomized Ceriodaphnia test

A. In preparation for the test, complete the following sieps.

L Frepare the glassware. Label 1-oz plastic beaksrs with the sampie identification, diludon,
and repiicatz (REF) number (ten REPs ars typically used per concentration or site:
additional R=7s may be reguireg for some tests). Label the necsssary vglumetric Dasks,
graduates cylinders, anc beakess.

IJ

Collect neonates for the toxicity tast (step B, 30P).

)

Giue a ‘Cemodapitnia Information Sheer for Non-Randomized Tes:' {exhibit SOP-10.4), 2
“Ceriodaprnic Daily Test Information Logshest* (exhibit SOP-10.3}, and a "Daily Survival
and Reproduciion Logsnest for Non-Randomized Ceripdaphnia Test” (exaibit SOP-10.5) into
the registered Ceripdaphnia toxicity test logbooi. Note: You may nesd more than one daily
Survivel anc reproduction log shest for the test. Initial and date each sheer so that half of
the writing s on the log sheet and haif extends onio the logbook page.

B. Tostan the 1est. the following sieps are performed.

1. Prepare the test concentrations specified in the test write-up in accordance with the

procadurs gescribed in SOP-8. Inciude a "control® (consisung of DMW) for each individual

- lest conducied. Record the sites/concentrations tested on the Cerodaphnia Information
Sheet for Non-Randomized Test* logsheer

IJ

Record the following additionz! information on the "Ceriodaphnia Information Shest Non-
Randomizred Test® logshest,

a. Test name. 185t number, tast dates, stock used {if appiicable), control water and dilution
waler opes and batch numbers, the source of test animals, and vour initials.

3. Pour !5 mL of i2stsolution in each of the eq IEP beakers.

I

Using & fixed- or adjustable-volume pipetie. add 50 pl of YCT and 50 4L of Sefencsrum
te each baaker,
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Place one neonate (collected as in SOP-3) in each test beaker using 3 Pasteur piperie as
follows.

2. Obtain a beaker with a minimum of & neonates from one adult (collecied as in SOP-3).
Place onz neonate in each of the six tesi beakers in the first column on the 12st board.
Select another beaker with 2 minimum of 8 neonates from one adult and placs one
neonate inie each of the six 12st beakers in the second column of the 1251 board. Repeat
this process until each of the 50 beakers contains one neonate.

b. This procedure allows the periormance of each adult 1o be tracked. Adults thar produce
one weak offspring or male ofispring have a preater likelihood of producing more voung
that are males or weak. In this manner, if all of the REPs for each concentration ars
male or nave low reproduction. they may be excluded from siatistical analvses.

Place the beakers in holding racks, and put the racks in the iemperature-controlled water
bath or environmental chamber.

Eecord the foliowing information on the “Ceripdaphniz Daily Test Information Logshest”
eier 1o the logshes! for specific information reguired.

a. Test name, (est number, 1251 dates, temperature information, fesding information.
starting and ending times (i.2.. the time the first nepnate was added to the 125t 10 the
time the last neonzie was addad), DMW batch number, test initiation dawe (Day 0, and
your iniuals.

Record the following information on the "Daily Survival and Reproduction Logsheet for
Non-Randomized Ceripdapania Test.”

a. Test name, tes; number, and test dates,

C. Perform a 24-h renewal each day during the 7-d test period.

1.

-

Prepare fresh dilutions each day.

Using a polished glass tube affixed with a pipene bulb and 2 dissecting microscope, if
necessary, transfer each animal daily to 2 mew 1est beaker containing 15 mL of freshlv
prepared iest solution and 50 pL of YCT and 30 kL of Selenasrrum. Count and record (for
the approprate dav and replicated number) the number of young in ach beaker on the
"Daily Sunival and Reoroduction Logshest for Non-Randomized Ceriodaphnizc Test” in the
repistered Ceripdaphnio logbook. Holding the beaksr over z ligh! iable will facilizare
counting the number of voung producsd.
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If no young were produced, if the animal died, or if the animal is male, use the appropriate
code and recard on the "Daily Survival and Reproduction Logshest for Non-Randomized
Ceriodapinic Test.” Refer 1o the logshest for the codes.

After counting, discard the neonates produced. anv dead animals, and the old test solution
in accordance with the procedure described in SOP-7.

Fecord the caie of transier, time of transfer fezding information, lemperature information
and vour initials on the "Ceriodapanie Dailv Test Information Logshest® in the registerag
Ceriodaonniz loghook.

Record minar test non-conformities (&.E., @ temperature that falls ouwside the accepable

LF o

range), on the "Cerodapania Information Shee: for Randomized Test.”

Terminating the tes: involves the following.

The test shouid be terminated when 609% of the surviving females in the control have had
their third drood and there 5 an ave*:aﬁe of 15 or more neonates per surviving female in the
control. Thz 25t is terminated = 2 h from the time it was initiazec.

Count and rezard the number of neonzies in eac 7 beaker as described in C.2 through C.3.

Record the siaring and ending times of the test 1ake down on the "Ceripdaphniz Daily Test
Information _ogshest”

Discard tae test animals, neonates, and test soiutions per the procedure described in SOF-7.

Fecord the dats the test was terminared, temperaturs information. and your inidals on the
"Cenodapaniz Daily Test Information Logshest” in the regisiered Cemodaphnia logbook

Calculate the 1otal number of offspring produced, the mean number of offspning for all females,
and the mean number of offspring for surviving femaies, using the Lotws 1-2-3® computer
program,

L

Imporiant kevs and notes about using the Lotus 1-2-3 COMPULEr DrogTam,

(2] Use the arrows on the keyboard o move around the workshest.

(o) Use the forward slash (/) to get 1o the main menu.

{€) Use ths =sc key 1o get out of trouble and move 16 the previous selaction/men.

(d] Commands (o be yped are in si ElE quoiss: 40 not type the quotanon marks
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(¢) The Lotus 1-2.3 workshest is divided into rwo pars. On the left (Columns A-K) there
are two rows of squares that will do the statistical caleulations. This is the part vou will
print oul. On the right there are rows of squares into which you will enter the test
dawm. The information on the right will not be printed.

(f) There are numbers in the upper right hand corners of the boxes on the lef side of the
worishest under column "E” or *J*. These numbers correspond to the numbers above
each "Conecentration/Site® on the right side of the workshee: under cofumn "L*.

Turn on the computer and printer if they are not already on.

Start Lotus 1-2-3

{2) If the prompt op the screen is Co Type "125°, and press enter;

(t) I the prompt is CIWPSQ, tvps "oV, press enter, type '123°, and press enter;

(c} If the prompr is A2 type "C:, press enter, type "123, and press enter;

(d} If the prompt & B\ rype 'CY', prass enter, type *123', and press enter,

Retrieve the Lotus 1-2-3 workshest entitled CDBLANKI. WK1,

(a) Obtain the disk (low densiry] laheled *CDBLANEK". It will be next 1o the computer
designated for laboratory use or available from the Principal Investigator,

(b) Place the disk in the lower (B) drive.

(c) Type T (forward stash).

(d) Type'F (fie).

(e) Type 'R’ [retrieve).

(f) Use the arrows on the kevboard to highlight CDBLANKIL. WK (If vou don't ses
CDBLANKIWKI a1 the top of the scresn, press the page down key uatil you find
CDBLANK. WKI).

{z) Press eqter.
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3. Eater the Test Description Data.

(a) Use the arrows to highlight the entry zfier "TEST NAME:* (column C row 3). Type
in the name of the test and press enter. For example: Coal Yard Runcff Treatment
Facilirv.

{(b) Use arrows 1o highlight the entry afier "TEST DATE" {columa E row 3). Type an
apostrophe (7, the month the &5t was conducted, 2 forward slasa (/) the first day of the
1est, 2 nvonen (-, the last day of the test, a forward slash (/), znd the year that the test
was conducted. For example: '01/05-12/89. Prass enter.

(¢} Use the ammows to highlight the entry afier "TEST NUMBER:" (column H, row 3.
Type an aposirophe (), the number(s) of the tests) and press enter. For example:
‘354,

(d) Use the arrows 10 highlight the entry after "PERSONNEL” (column J, row 3). Type

your name and press enter,

6. Enter Cericdopinia survival and reproduction data. (Note: The 51228 below this point
may be completed for up to ten concentrations/sites. The worksheer is so large ihar
more than ien concentrations/sites becomes cumbersome.  If ¥ou have more than ten
concEntrations/sitas, complete all of the steps below for the first ten concentrations/sites, @ll
up the CDELANKZWEKI worksheet, and repeat all stecs for the remaining
concenirations/sites.)

(a) Obrain the registered Ceriodaphniz logbook which contains the test data.
(b) Enter the test concenirations/sites as follows.

Use lhe arrows 1@ move 10 the "L* column and highlight the first concentraton.

s
i
—

- {2} Type 2n apostrophe () and the test concentration/site.
(3) Repeat for each test concsntrationssite (up to a total of ten: se= gote at step L)
(¢) Enter the surival data for each replicate of each concentration/site as follows.

(1} Use the right arrow 10 move tg the *P* cojumn. Highlight the first replicate
under the firsi concentration/site.

(2} i the animal that represents that replicate (refer to the repisiered Ceripdapnnia
ioghook) was {emale and survived, enter 2 "1 in that call
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(d)

(8)
(0

6:4]

(3) I the emmal that represents that replicate was a fernale and died during the test
er was 2 male, enter 3 "0 in that c=llL

(4) Repeat for each replicaie of each concentrationssite
Enter the reproduction data for szach replicate of each concentration’site as foliows.

(1) Usethe arrows (o move 10 the "R” column. Highlight the first replicate under the
first concentrationssite.

(2) If the anima! that represents that replicate did not have any young snier 2 'O

(3) If anima) that represents that replicate had young, or died and had young, enter
the number of young the animal producsd,

(4} If the animal was malie, enter a '0°,

{5) Repear for each replicare.

Do not sater anvihing in column T .

If you entersd 2 "0 in columz "P* for any replicate (siep f(4)), compicte the joliowing.

(1) Use the arrows to move to coiumn "V™ with the heading "Corrected # Young S5
(short for sunviving females).

(2) Use the arrows-1o highlight the word "plank™
(3) Type'f (forward slash).

(4) Type 'R’ (range).

(5} Type E' (erase).

(6) Press enter (the word "blank” should be erased).

Enter the conesniration/site names into the statistical pan of the worksheet (left side)
as follows,

(1} Use the arrows 1o highlight the czll 1o the right of the first "Concentration/Siter”
{either column *D" or column "™}
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2) Type the concentrationsite that corresponds (o the same numbered box on the
right hand of the workshest. For exampie: if box #3 on the right hand side of
the workshee: is labeled "Site 37, labe box #5 on the |ef hand of the worksheet
Taite 37

(3) Repeat for each concentrationsite.

7. When all the new datg have bezz eniered, save the file onto the disk ss follows.
(2) Type 'V (forward slash).
(®) Type 'F (file).
(c} Type 'S’ (save).
(d) “Enater save file name: BACDBLANKL WK1® wil] appear at the 1op of the scresn.
(¢} Type cd foliowed by the test number. For example: cd312
(£} Press anter
& Print the workshesr as follows.
(2) Press the "Home” key (this will move ¥ou to the top of the workshesr).
(®) Type ' {forward slash).
(2) Type 'P' (print).
{d) Tvpe P’ (pnniar).,
{2) Tvpe 'R’ (range). The top of the screen should now read "range AL.KS6% If the top

of the screen does not read "Al.KS6", press Esc, press home (o get to Al, type a
peniod (., and highlight all of the boxes from Al through K36

([} Press eanter

(8) Type 'O" (options).

(B} Type 'S’ (set-up). If the set-up reads “02T\048\015" press enter (this compresses the
print). If the set-up does not read "02T\0<81015", enter "02T\L8\015",

(i) Pressenier
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) Type 'Q’ (quir).

(k) Type'A’ (align). This tells the printer 10 align the op of the page. Make sure vour

paper is lined up in the printer.
() Twpe'G' (zo).
8. Ext the Lows 1-2-3 program as follows.
prog
(@) Type '/ (forward slash).
{t) Type 'Q (guit).

{e} Type ™Y (ves).

10. Mzake a Xerox® copy of the Lotus workshest Glue the original in the regisierad

Certodaphnic loghook.

11. The 1echnician responsible for conducting the tes: will make 2 Xerox® copy of the applicable
test lopshests from the regisiered Cerindaphnia test logbook. Place the copies in the backup

Ceripdaphnia 25t nolebook.

12 Test accepubility criteriz is based on 80% or greater survival in the conmrols and
reproduction in the controls must average 15 or more young per surviving femaie If the tast

does not mes: these critena, notify the Group Leader or designes,

Approval

Toxicology Laboratory must recsive the signed approval of the Group Leader.
N A K-W == E
Approved by  _Z o —5r . AL b M

| All Standard Operating Procedures generated by, rovised by, and/or applicable to the ESD

| | Group Manag= | Date

Tt

Effeive Date ,.-’C'_;"IIJ /3
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5 3 3 4 2 4 4 2 8 1}
1 ] & 2 a) a8 2 5 B &
2 é 4 a 3 3 1 & = d
4 - 2 1 1 5 5 3 2 2
s 1 L1 3 =) i 3 1 ! ]
3 J 1 5 & .4 3 4 3 3

Exhibit SOP-10.1. Sample randomizing template.
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CERJODAPHNIA INFORMATION SHEST FOR RANDOMIZED TEST

Test Name: Tes Na.:

Tem Copdimes Smm {Day 0 To (Dav T)

i/ Conenrmanans Ji= i Toomizts Moo
. =
_::-= g =

Stock (if gooiizaniet:

Coomml Was Tvpe (/1

0% Dilute Mineryl Wates (DM®) — Trass Mesais B

15% Dilte Mipen Wazs (DMWY = Trmsz Metsic |

Oiher [a=orihe): El
Difmice Wz= Type (v

0% Dilu= Mizemi Waer (DMWY = Trace Memls 0

29% Dilus Mineal Waer (DMW) = Traes beszis ]

Othe frissm=ize): :

Soores of Texx Aroosiv

Trmsfermed EXD croee boast nos. - oz Wed dare)
trrm to {ume) lesrials:

Isglazed p=nmares jos rest oo (care] from boamos

from e [timme) Iniriajs;

Reeore of Minor Test Nen-Conformres

i Dt | ’ Desoues  of Noo-Cooformity | Imitiais

|
|
j
| | |
II
|
|

Zxhibit SOP-10.2. Cenedaphnic Information Sheet for Randomizad Test,
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Drachy Burvivs st oo opstesy for fsroormed Cemocanmmn T Tomoee o
| D T

Tex Ne |
|| Comimms i-vaures pm me eoromamee (Ml e e g S —— Eemrmsrermn: (M i

s
£l
i

Exhidii SCP-10.5.1. Daiiv Survival and Rezroduction Logshes: for

Randomizes Cerodopania Tesl,
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iy Survrval ao0 Reromemen Low She=t lor Ranoommeed Cerindovorms Teo (ooee )

i Dz Te=e | Tem Mo

| odem (shAle am e Rommoumos |- AT s Roorooscsrons (siDeer (- Desd s Eorooucmon. i
Tem Barer M

f Dy | I R TS E &
1)
1 1 |
1
3 1
i} T
i - |
I £ |
i 4
[ £
T B g 20 & 4z |
[ 3 i
[ -
:
- . 7
: B = P a6 P FTI
i i
1] ™ 4
E z | |
f E [ F
1 o |
} - |
i . =0 =1 5= = =
- ] i
‘ L |
': E |
i ? - -
i [T | 5 57 | 5B | 5 S
il : -
1 - | 8
: 3 | | !
F -
[} i
¥ = J
i 3 i
Exibit S3CP-1052 Daily Survival ane Reproduction Logshes: for
m

nizel Cergdaphnio Test (conl)
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Ceriodaphnia - Daily Test Informadon Logshes:

TEST NAME: TEST DATES: TEST NO.:

H
i Dar a: [ ‘

B Daw 8 | | ‘ |

Day a- - ‘

==

e 1y
4
i

[
22
[}

(5]
(@]
Tl
P
[}
Ja

enodapania Daily Test Information Logshee:
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CERIQDAPENIA INFORMATION SHEET FOR NON-RANDOMIZED TEST

Test Mame! Test Mo
Test Congies=~ From (Dav O To Day T
Sires/Concenoions Tesied:
Stoek (I azpuz=hick:
Comrol Wa= Type (¢
0% Digs Min=ma! Warsr (DWW — Tracs Metls =
5% Digs M=l Waer (DMW) — Tracs Memls 3
Cnher [oeemibe) &
Dilmmion W= Type (#7)
0% Diwms Minem| Woer (DM = Tmc= Memls O
=% Dhps Mizeml Waer (DMW] — Tracs hemis O
Onier [desmmbe) O
Sour== of Te= Anmmls:
Transferred ET0 minee poard gos. on MWed | daiel
o= e [rim=; [oitrais;
Isgiated pessarer for teogm fdare} from bDosros
fra to (a4 Inioais

R T RIS CEAEEE RS AEEREITCERNCEASEEDERXCSXX NS S R e

—

Record of Minor Test Non-Conformmes

Dex—roon of Non-Conformity

| tzmas

- le=—t=—0=—1:-

Exhibit 30P-10.2, Cenedaphnic Information Shest for Non-Raagomized Test
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Dally Surval and Reproducnon Lomenest for Noo-Rammemosd  Cerfpdomms Tes

DATE TE=T | ST

§ CIDEL in durr ind rw Aeeowes s oames b Aeremecions (A Dow K- Criis wwl Praroweuen: (M3 Mg (0% =0 500 Temep ¥
IERImATE {
Cane v | =S | 1 | + ] L1 = ] = - ey ez
] T
. |
| | | 1
|
I
|
i
|| :
: ]
; |
‘. 1
‘ 1
!. - | |
|
i :
; |
|
| ]
| | | L
| ]
| : !
| |
: | . |
| i | [
! !
1 |
I |
|
N | |
. | | | | [
= | | | I ;
s | [ [ | §
- | | | | | |
| | |
| | | | |
) | | | )
i | | I
| | | |
| | | |
i
] - | | |
sxnipit SOP-106. Dativ - Survival ant Reprodociion Loosnae:
for Man-Randomized Cernodapnnia Test
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Purpase

To measure the acute toxdciry of water samples (o Ceriodaphnia during 24-h, 43-h or 96-h EXpOosures,

Refersnces

EPA Tast Method, in C. 1. Weber et al., Merhods for Measuring the Acute Tagciry of Efffuents and
Recewving Waters to Fresawater ana Manne Organusms, EP A/600/4-20/027 (September 1991)

Equipment

Ceripdaphnia neonates {see SOP-4)
Temperature-controlled water bath or environmental chamber
Diiute minera] water [DMW: ses S50P-]1)
Cenodaphnin food (YCT and Selenasrrum; se= SOP-3)
1-0z disposable plastic bezkers (pre-rinsed in distilled water, if necessary)
&-0z specimen contzines
Glass tubing (2-mm [D) cut to approximateiv 17 em, with ends polished
1-mL pipette bulbs
Disposable Pasteur pipeties
Fixed- or adjustable-volume pipettor (e.g. Eppeadorf)
Holding racks for 1-o0z plastic beakers
Fandomizing templatss
Thermometer
Volumetnc flasks
Craduaied cvlindes
Light tabie
Magnifving lamp or dissecling microscope (optional)
Registered Cerlodapania 101city test logbook
ericdaphnin Acute Toxaoy Test [nformation Sheet (exhibit SOP-18.1)
Cenpaaphnia Acule Toxcty Test Survival Logshest (exhibit SOP-18.2)

Procedure

1, [n preparmation {or the test, complete the following steps.

3. Prepare the glassware. Label the necsssary volumetric flasks and graduated cylinders with
the sample ideauficatien and concentration.

& Label 8-oz spetimen containers with the sample identification, concentration, and *final
pH and D.C” These continers will be used 1o collect the iest solution during test
renewil, if applicable, and at test termination.
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& Coliest the neonates for the 1o dciny et Per the procedures described in SOP-S, Nepnates
must be less than 24 b oid.

d. Feed the neonates 50 gL of YCT and 50 pL of Selenasrum 2 minimusm of 2 h before their
use in 3 test Record the time the neonates were fed, the YCT and Selenasrum daies, and
your initizls on the "Cenodapanic Acute Toxcty Test Information Sheer”

!J

To star the test, ao the following. NOTE: The procseding instructions are applicable for the
4-, 48-, and D&-h acute toygcity tests,

& GClue a "Cerladapanio Acute Toxicity Test Information Sheet” and & "Ceriodaphnia Acute
Toxicity Test Survival Logshest” into the regisiered Cerlodaphnio iogcity 1est logoooie
Initial 2nc caie each logsheet so that half of the writing extends oaic the iogbook page

b, Record the date the teststarts and ends, the 1est name, and the test number on each of the
logsneets 20 in the index in the repisiersd Cerisgaphnia test logbook

Prepare the test comcentrations, if necsssary. Record the concentrations on the
*Cenodapanie Acute Toxicity Test information Shest,” reserving "1° for the control. Alo
record the contrgl water and di ]Lnr:m waler fypes and baich numbers on the jogshesr

Note: Some 1ss1s may reguire an in-stream sample be used as the dilution water,

l"l

d.  Select 2 randomizing template, Use a different tempiate for each holding rack needed 1o
conduct the test. Ret:::-rd the tempiate number(s) on the “Cenodapanic Acute Toxicity Test
Information Shest.”

e. Posilion the template underneath the holding rack 50 that the numbers on the iemplats
are alipned with the holes in the rack

L Pourami n.ﬂ'lL.'Tl of 15 mL of iest solution inio each of four replicate (REP) 1-oz disposal
beakers. Place the beakers in the corresponding positions in the rack Nowe: Each
randomizing template has ten positions for sach number (1-6) on the template. This tast
will use {our of the ten positions. For exzmpie, place esach control beaker into 3 ~1°
position. Ifihe test is 10 run 96-h, or if a test solution renewal is required, record the 1es1
beaker number {derived from the holding rack) on the Cenndapnn.c Azute Toxicity Test
Suraval Logsheet” Repeat this procedure {or sach test concentration.

nm

Using a Pastevr pipette, place six neonates into each test beaker. Keep the amount of
waler lransferred with the neonates to a minimum 10 avoid dilution of the test solution.
Fecord the time the first neonate was added (“Stan Time™) 10 the time the last neonaie
was added ("5top Time”) on the "Cenodepania Acuie Toxicity Tast Survival Logsnest.”

h. Record the beaker temperature, waler bath or environmenial chamber emperature. and
thermometer number on the "Cemodaphniz Acuts Toxicity Test Sunua LogsShest.”
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Lk

j

Put the holding racks containing the beakers into the remperature-controlled (25 = 1°C)
waler bath or environmenial chamber,

If necessary, adjust the photoperiod to 16 b light: 8 b éark.

Repeat the following process every day, starting 24-h after the 1est was begun and continuing
unti] the test & erminated.

1"

Remove the hoiding rack(s) from the waler bath or chamber.

Record the water bath or chamber (émperature. beakers iemperature. and (e thermometer
number on the "Canadapania Acute Toxiciry Test Sunvivai Logshesy’

Place the holding rack on a light table for sase in viewing the test animals.
Count and record (in the appropriate column) the number of Cenodapania surviving in
each RE? beaker on the "Cerodaphnia Acuie Toxeity Test Survival Logsheer” for the

appropriate concentration or site and replicate number. Record comments codes, if any.

Recard the iime the first beaker was counted ("Start Time") 1o the time the last beaker was
counted ("Stop Time") on the *Cerfodaphnia Acute Toxicity Test Survival Logsheet.”

Record miner (est non-conformities (e.g., @ temperature that flls ouiside the accepable
range), on the *Ceriodaphnio Acute Toxicity Test Information Shest.”

Perform a 1851 renewal at 48 b, This procadure is applicable 1o 36-h tests only. uniess otherwise
specified.

a.

Approximately two hours before test solution renewal at 48 h. add 30 L YCT and 50 gL
of Selenasoum 10 each test beaker. Record the feeding time and date. the YCT and
Seienasmum dates, and your initials on the *Cerodapania Acute Toxicry Test [nformation
Sheat” in the registered Cenodaphnia 1oxdcity test logbook.

Prepare fresh test solutions.

Counr and record the number of Cerfodaphn SUrvivIng In esch beaker per the procegure
described in steps 3a through de.

Using 2 polished glass tube affixed to a pipette buib and 2 microscope. if necessary, transier
the surviving test animals in each 1est beaker 10 a new beaker containing 2 minimum of 13
mL of freshiy prepared test sclution. Holding the beaker over a light table will facilitate
the transfer and counting process. Return the beaker containing the test animals 1o the
appropriate location in the holding rack. Refer to the beaker number recorded on the
“Cenodapnnic Acute Toxicily Test Survival Logshest”
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i

e Pour the test soiution from each of the four "old” beakers into an 8-0z. speaimen container
labelled "final oH and D.O° This sclution will be used to determine final pH and

dissolved oxvgen (D.0.) concentration.
£ Discard the test solution per the procsdure described in SOP-7.

Terminate the test zfter the neonates have been exposed to the test solution for the reguired
time (24, 48, or 96-h).

2. Count and record the number of Ceriodgprnia surviving in each beaker per 1he procsdure
described in sieps 32 through 3e.

t.  Lzlculate and record the 1otal number Cericdapania surviving in ezch concentration or site
on the "Cenodapnnic Acute Toxicity Test Survival Logshest.”

¢ Cerefully pour the tesi solution from each of the four replicate beakers into an -0z
specimen container lzbelied "final pE and D.O."

d. Discard the 125t solution per the procegure described in SOP-7.

Test acceprability criterion is based on 0% or greater survival in the controls, 1f survival is
<20%, notify the Group Leader for guicancs.

Make 2 Xerox® copy of the applicable log sheets and place the copy in the backup Cenodaphnia
loxICny 1851 notebook

m— I ——— —
Approval

All Standard Operating Procedures generated by, revised by, andior applicmble o the ESD
Todicology Laboratory must recsive the signed approval of the Group Leader.

il 1 i " i _—
Approved by ?ﬁrl._/‘h.ﬁ-_x)’s‘:" w i /hr‘." £3
J Aroup Loder ) Dare
| Efeciive Date ,fcfrff‘?r.'f‘:
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CERIODAPHNIA ACUTE TOMICITY TEST

Cemodapimin Aczs Toziciy Ten Informzoon

Ehe

Test Nam=: Tmt Mo

Jeu Comopme= Tmm {Day 0} Te

Test Cons—=r—epns: | = i - Temmtare Moo
Im i=
1= 5 =

Comrol "o Type i1
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e

NOTE: e
Tremsterme = THE H.!
[ozteais:

moaaes -1 b pror 0w renewal u 48-h,

=l on

{dxt=)
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ESD TOXICOLOGY LABORATORY SECTION SOP-21
PAGE 1nf12
QUALITY ASSURANCE MANUAL DATE 02-01-94

SUBJECT: HYALEITA AZTECA WHOLE SEDIMENT TOXICITY TEST

Purpose

To determine the relative wxcity of whole sediments 1o Hyalella azreca during a 10-day static-renewal
EXpOSUre.

Referecoce

ASTM (American Society for Testing and Materials) 1991, Standard Guide for Conductng Sediment
Toociay Testr Freshwarer Invertebrares, ASTM E-1383-90, or most recent edition

Equipment

Hyalella azmeca voung (0500 to 0.425 mm size; —1-2 wesk old; ses SOP-25)

Crvswallizing dishes, 250-mL capadity ("counting dishes™)

Plexiglass sheets (—1x1 1)

30% dilute mineral water (coatrol water; se= S50P-1)

Distilled water

Test sediment

Fveleila food (ses SOP-24)

Temperature-controlled water bath or eavironmental chamber (24 + 2°C)

Dissecting microscope {if necsssary)

Fume hocd

Disposable Nitrile? gloves

<L plastic tanks

Plastic or hard rubber spatulas

Disposable syringes (10- and 60-cc) (e.g., B-D Plastipak)

Modified 60-cc syringss (syTinge tp i Oued with a %* O.D. plastic tubing inside a %" ID plastic
crlinder cut 1o —1* to which a piecs of 100-um Nitex® mesh is attached to one =nd)

Thermomerer

Wash bottles

Stainless stee! sieves, 5-in, diameter (#20 ASTM, 0.850 mm, #40 ASTM, 0,425 mm and #60 ASTM.
0.250 mm)

20-L piastic carboy or bucker

Larze, wide-mouth piasiic funnels

B-07 specimen coniaimers

1-oz disposable plasiic beakers (pre-rinsed in distilled water, if necessary)

Pasteur pipettes, long (87)

Gradualed cylinders

Fixzd- or adjustabie-volume pipette (e.z., Eppendorf}

Small giass perri dish or egubvalent

Hyalella azreca Whole Sediment Toxcioy Test - Test Information Sheer (exhibit SOP-21.1)

Hralelln axteca Whole Sediment Toxicity Test - Daily Test Information Logshes: {exhibit 50OP-21.2)

Hyalella azreco Whoie Sediment Toxciny Test - Test Survival Logshest {exhibi: SOP-21.3)
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ESD TOXICOLOGY LABORATORY SECTION SQP-21
PAGE Zof 12
QUALITY ASSURANCE MANUAL DATE 02-01-54

SUBJECT: HYALELIA AZTECA WHOLE SEDIMENT TOXICITY TEST

Registered Hyalella 1oxciny test loghook
Hyalella Whole Sediment Toxicity Test - Daily Chemistry Data Logsheet (exhibit SOP-21.4)
Registered Chemistry Logbook (if appropniate)

Procedure

1. Prepare the test equipment and logbook. Complete the following steps prior (o test initiation.
a. Determine the number of test dishes needed for the test (4 replicates per site).

b. Label each crysiallizing dish with the test [D number, the site ID, the concentration (if any),
and replicate (REF) number (4 REPs per site)., Using 2 100-mL graduated cylinder, add 25
mL of distilled water to each dish and mark the 25-mL volume leve! on the outside of the
dish. Dispose of the distilled water,

.. Label 8oz specimen containers with the test ID number, the site ID, and concentration (if
any). These contaipers will be used io collect composite test water samples for finai
chemisiry.

d. At least 71 hours prior to test initation, prepare one modified 60-cc disposable syringe per
test site (to be used for water changes) as follows:

1. Using non-toxic aquarium silicone sealant as an adhesive, affix a small piece of 100-um
Nitex mesh 10 one end of a 1* long, %" ID cylinder. Allow this 1o cure ~24 hours.

[J

Place thse modified plastic cyiinders in distilled water and let sozk for ~24 hours.
Allow them 1o air dry for =24 hours.

3. affix a I cm length of Tygon® whing (1/8" LD, x 1/4" O.D. x 1/18" wall) to the sytinge
lip, then afiiy the modified plastic cylinder 1o the protruding piece of twhing. Wrap with
Farafiim® (if necessary) to secure both piecss together.

4. Label these modified syringes with the test ]D number, the site ID, and concentration
(il any).

e. Prepare a work table with a light board, a set of 3 sieves (#20, #40 and #60), a large plastic
funnel, a 20-L waste carboy, pasteur pipettes, 3 counting dishes, and 1-oz disposable plastic
beakers for each technician panticipating in test termination. Prepare an apprapnate volume
of control water aleng with the associated carboy, 600-mL beakers and clean syringes for use
with the control water.
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ESD TOXICOLOGY LABORATORY SECTION SOP-21
PAGE 3 of 12

QUALITY ASSURANCE MANUAL DATE 02-01-94

SUBJECT: HYALELLA AZTECA WHOLE SEDIMENT TOXICITY TEST

Td

Lal

.

Prepare the sediment. Perform this procedure ~24

Giue the foliowing logshests into the registered Hvalella Sediment Toxary Test logbook:
a "Hyalella arreca Whole Sediment Toxicity Test - Test Information Logsheet,”

a *Hyalella azreca Whole Sediment Toxicity Test - Daily Test Information

Logsheat,” and

an appropriate number of “Hyalella azteca Whole Sediment Toxicity Test -

Test Survival Logshesets”
Initial and date each sheet such that half of the writing extends onto the logbook page.

Glue an zppropriate number of "Hyalella azreca Whole Sediment Toxiciry Test - Daily
Chemistry Data Logshests™ into a registered logbook appropriate for recarding chemistry
apalysis. [nitial and date each sheet such that half of the writing =aends on 0 the
logbook page.

Use the table in the “Hyalella azteca Whole Sediment Toxicity Test - Test Information
Logsneet* ic record minor test non-conformities and minar deviations from protocol at any
time throughout the 1E5L

hours prior 1o test initiation. NOTE: THIS

PROCEDURE MUST BE PERFORMED WEARING NITRILE GLOVES AND INSIDE A
FUME HOQOD.

.

Using a ciean spatula or a clean 60-c< disposable plastic syringe, transier subsamples of a
selected, homogenized sediment sample 1o & crystallizing dish. Tap the dish on 2 soft
surface to dispense the sediment evenly across the bouom of the dish. Continue 10 add
sediment until the volume of sediment reaches the 25-mL mark on the dish.

Using a 100-mL graduated cylinder, add 100 mL of control water io toe dish. Slowiy pour
the water down the inside of the dish 10 avoid disturbing the sediment

Repeat sieps 2a and b three more times per site for a 1o1al of four renlicates per site or
I : I : P

concentration.

Remove the four dishes from the fume hood and place them in @ water bath or
environmental chamber (maintained at 24 = 2°Cwith & 16:8 hour lightdark photoperiod).

Replace the unused sediment sample and select a new homogenized sediment sample.
Repeat steps 2.a 10 2.¢ for all remaining sediment site or concenlration samples. When all

test dishes have been prepared, cover the dishes with a plexglass sheet to reduce
evaporation. Allow the sediment 10 settle —24 hours prior to adding the 1est OrZanisms.

Collect and pre-£ount Lest Qrganisms as per SOP-25.

To initiate the test, complete the following.
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ESD TOXICOLOGY LABORATORY SECTION SOP-21
PAGE 4of 12
QUALITY ASSURANCE MANUAL DATE 02-01-54

SUBJECT: HYALFII A AZTECA WHOLE SEDIMENT TOXICITY TEST

a. Record the following information on the *Hyalells azreca Whole Sediment Toxdty Test -
Test Information Logsheet":
the test ID number,
the test initiation date (DAY 09,
the tes1 termination date (DAY 10},
the list of sample site designations (i.e., river mile),
the site [D numbers,
2 check mark for the appropriate control water type,
the batch number (if applicable),
a check mark for the appropriate test animal sourcs, and
e age znd/or size of the test organisms on the date of DAY 0, and
the culture tank number from which they were collected.

b. Record the following information on the *Hyaleila azreca Whole Sediment Toxicity Test -
Daily Test Information Logshest”;
the 1est ID number,
the 1est iniliation date,
The test termination date,
vour initials and the date under DAY 0, and
the ume the firs: organisms are added to the prepared test dishes,

¢ Record the temperature of the water bath or environmental chamber and the thermometer
number under "DAY 0 Temperature Information.” Measure and average the temperature
of the overlying water of 4 randomly selected test dishes. Record this uader DAY 0
Temperature Information,” also.

d. Remove both the prepared test dishes (with sediment) and the known-size or known-age
culture tanks from the water bath or environmental chamber.

e. Fill 1-oz disposable plastic beakers with ~5 mL of control water. Using a transier pipeg,
randomly transier 5 test animals from the culture tanks to the besker. Each test chamber
will receive 20 test animals; therefore, 4 beakers containing 5 test animals will be needed for
each test chamber. Select only test animals that appear active and healthy.

L Transfer 20 animals 0 2 randomly selected test chamber using 2 transfer pipet. Add the
animals to the test chambers in one at a time. Introduce them below the water surface 1o
minimize air entrapment and avoid producing "floaters”. This provides for two counts. Keep
the amount of water transferred 10 a minimum.

Repeat steps 2.2 and 2. for the remaining test chambers,

o

h. Add 1 mL of Fval=lla food 10 esch test chamber,

i. Record the time the last animal was added on the "Hvalella gzrecs Whois Sediment Toxcity
Test -Daily Test Information logshest.” Record the fesding time, Hvale!lz food date and
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ESD TOXICOLOGY LABORATORY SECTION SOP-21
FAGE 5of 12

QUALITY ASSURANCE MANUAL DATE 02-01-94

SUBJECT: HYALELIA AZTEC4A WHOLE SEDIMENT TOXICITY TEST

volume fed and the control water batch oumber on the “Hyalells azreca Whole Sediment
Toxicity Test - Daily Test Information logshest.”

Return the test chambers 1o the water bath or environmental chamber and cover with a
plexiglass shest (D reduce evaporation.

Inspect the tesi chambers approximately 1-2 hours afier the Hyvalella are added 10 ensure that
no animals are trapped in the surface tension of the overlying waier. Discard these "floaters”
and replace with new lest animals from the culture tanks,

5. Perform a 60% renewal of the overlving water on Days 1, 3, 5, 7, and &,

Record vour initials and the date under the appropraie test day. Record the bath or
chamber iemperature, (85t chamber lemperature, and thermometer number and the start time
on the *Hvaizllz arreca Whole Sediment Toxcity Test - Daily Test Information LogsheeLl”

B amove the 1es1 chambers from the waier bath or environmental chamber.

Using the modified 60-cc syringe, carefully draw off slightly more than 60 mL (e.g., 62 mL)
of overlving water from a selected tesi chamber. Carefully dispense the excess lest waler
volume Back into the tesi chamber such that the final volume of test water remaining in the
60-cc syringe is 60 mL. This is to wash any znimals that might cling 10 the mesh back into
the test chamber.

Collect the water in the [abeled 8-0z specimen conmainer. Use the same 8-oz container for
all 4 REPs of each site/treatment. This water will be used 10 determine final chemisiry.

Repeat steps S.c and 5.d for the remaining 3 REPs.

Using a clean 60-cc syringe or a 100 mL graduated cylinder, slowly add 60 mL of control
water down the inside of a test container. Try to avoid disturbing the sediment unnecessarily.
Repeat this procedure for the remaining 3 REPs.

Repeat steps 5.c through 5.1 for the remaining test sites/cooczolrations.

Add 1 mL of Hvalella food to each test chamber. Record the waler renewal ending times,
Hyalella food date and velume fed, fesding tme, and control water baich number on the
*Hyalello arers Whole Sediment Toxdciry Test - Daily Test Information Logsheel”

Eeturn the test chambers 1o the water bath or environmentzl chamber and cover with a

1=

plexglass shest

6. Terminate the test on Day 10,

a.

Terform siens 5.3 1o 3.2 with one set of & test chambers of a selected site/concentration.
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SUBJECT: HYALFIl 4 AZTECA WHOLE SEDIMENT TQXICITY TEST

b. Sieve the test chambers to recover the test organisms.

(1) Add ~10 mL of distilled water 10 each of several (e, 4) 1oz disposabie plastic
beakers.

{2) Select one 1251 chamber.

(3) Genily swirl the water in the chamber so as to resuspend the top 1-2 cm layer of
sediment in the chamber.

(4) Pour this slurry through a sieve stack (a #20 ASTM sieve an top of 2 #20 ASTM sieve
On top of 3 #60 ASTM sieve) secured over a funne! and plastic carboy. Temporarily
setf the test chamber aside.

(3} Rinse all loose sediment through the sieves with distilled water.

(6) Carefully rinse the material retained by each of the 3 sieves with distilled water into
3 separate crystallizing dishes (called ‘counting dishes”). Thoroupnly and carefully
Inspect each sieve for any clinging test organisms and rinse them into the respective
dish.

(7) Select one counting dish.

(8) Place the counting dish on = light board and thoroughly inspect its contents for live or
dead Fyolellz. Pipet any live organisms found into one of the disposable plastic
beakers. To simplify the counting, do not add more than 5 organisms per plastic
beaker. Gentle prodding of the dish's contents and several minutes of observation mav
be required 1o recover all organisms. NOTE: Hyalelia will cling and may be arached
to, or hiding beneath, sediment particles and other debris.

(9) Pipet dead organisms into a separate disposable plastic beaker. Very gently prod the
.organisms to ensure that it is indeed dead and not just inactive. A dissecting
microscope can be used 10 distinguish betwesn dead and live organisms. NOTE: Do
not confuse discarded exoskeletons with dead Hyafella.

(10) Repeat steps 6.b.(7) to 6.b.(%) with the two remaining counting dishes.

(11) Note the towil number of organisms recovered.
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ESD TOXICOLOGY LABORATORY SECTION SOP-21
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SUBJECT: HYALELLA AZTEC4 WHOLE SEDIMENT TOXICITY TEST

|

fa) If the recovery is less than 100% (i.¢.. fewer than the initizl number of organisms
added to the test chamber are actually found), the missing organisms are assumed
to be either on one of the sieves or still in the repiicate test chamber containing
the rest of the sediment sample, and both must be rechecked.

(b) If all organisms are recovered, skip steps 6.b.(12) and £.b.(15) and procesd 10 siep

fe
{12) If necsssary, carefully and thoroughly recheck each sieve individually for any clinging
organisms. Submerging the sieve in a &L plastic tank contzining a layer of distilled

waler may sacourage any clinging organism to swim free.

(13} If necessary, add —~20 mL of distilled water to the sediment in the test chamber and
repear steps 6.5.(3) to 6.b.(11) until either:

(a) all missing organisms are accouated for (i.e, all organisms are recovered), of.

(o) the entire sediment sampie in that replicate tesi chamber fas been thoroughly
sieved and examined, and the missing organisms are not recovered.

c. Record the final totals of live, dead and missing organisms for that replicate test chamber in
the appropriate column on the “Hyalellz azreca Whole Sediment Toxicity Test - Test Survival

Logshesr”

d. Discard the contents of the 3 counting dishes according 1o approved procedures. Reassemble
the sieve stack and prepare the work area for the next replicate.

e, Repeatsieps &b 1o 6.d for the 3 remaining replicate test chambers {or that sitefconcentration.
f. Repeat steps 6.2 1o f.e for the remaining site/concentrations.

g. -After survival has been counted, confirmed and recarded for all the test chambers, discard
the test.orzanisms and sediment according to approved procedures.

Test accepuability is based on 80% or greater survival in the controls acceptable organism
responsé in the Reference Toxicity Test, or ASTM E-1383-50 guidelines. If the test does not
meet the criteria, notify the Project Leader for guidance.
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SUBJECT: HYALELILA AZTECA WHOLE SEDIMENT TOXICITY TEST

8. Make a Xerox® copy of the applicable test logshests, Place the copy in the backup Hyalella test

notebook.

Approval

Toxicology Lah-r::mmw must recefve the signed approval of the Group Leader.

| =

Approved by S"ifhsuf‘ﬂ" f’»—c}/c‘/&:w V[ rfgd

All Standard Operating Procedures generated by, rovised by, and/or applicble o the ESD

| Groop Lesder ) Craie

e

Effective Date .:.-:-J./.rs/ﬁ o
i F
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ESD TOXICOLOGY LABORATORY SECTION SOP-21

PAGE 9 of 12
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SUBJECT: HYALELLA AZTECA WHOLE SEDIMENT TOXICITY TEST

Hyalella azrecz Whole Sediment Toxiciry Test
Test Informanion Logsheer
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Exhibit SOP-21.1. Hyalelfa azteca Whole Sediment Toxcity Test - Test Information Sheet
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SUBJECT: HEYALELLA AZTECA WHOLE SEDIMENT TOXICITY TEST
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Exhibit SOP-21.2. Hvalella azreca Whole Sediment Toxicity Test - Daily Test Information
Logshest
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SUBJECT: HYALELIA AZTECA WHOLE SEDIMENT TOXICITY TEST
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Exhibit SOF-21.3. Hyvalells azreca Whole Sediment Toxicity Test - Test Survival Logshest
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Draft Standard Operating Procedure

Subject: Eiimia elavaformis 72-h static renewal feeding test

Purpose: To estimate toxicity of water-borne contaminants by their action on the feeding rate of the
freshwater snail, Elimia clavaeformis. )

Equipment:

Fresh green leaf femtuce

£14 cork hole puncher

Standard office stapler/staples

8" X 10" piece of cardboard

Forceps

1 liter glass jar(s)

500 mL acid-washed beakers (3 per treatment or site)
Nvlon mesh

Eubber bands

Paper wipes

White plastic tav (11" X 14")

Plastic-lined laboratory paper

Mettler balance (e.g., AE 183)

Spring/well water or 25% DMW (reference water)
Water bath or other temperamre contolled svsiem (e.g. environmental chamber)
3 gallon aquarium(s)

Photolight

l-oz. disposable plastic bezkers

Permanent ink marker (e.g., Sharpie)

Thermometer (= 0.3° ()

1-gal. plastic bucker

Ceramic tiles or rocks

Deionized distilled water

Weighing Paper

1000mL Erlenmever.flask

Lots 1-2-3 -

SAS (or analogous statistical analysis software)

E. cloavaeformis—Daily Test Information Logsheet
72-h static-renewal feeding test—Equipment Data shest

Definitions:
Treatment - anyv substance or condition which might be controlled or manipulated and thus modifving
the food consumption rate of Elimia clavaformis. Examples of treamments could include site (from

which water |s obtained), chemicdls, pH, emperanire, etc.

Contral - the tvpe of control water 10 be used depends on the purpose of the sxperiment. If stream
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waters are being tested, thep spring/well water or 25% d llute mineral water {DMW) may be used a5 the
control. If several dilutions of g chemical are being tested. 259 DMW should be used for the control
and to prepare test solutions.

Procedure:
1. Collect Elimia clavaeformis (medium size. about 300-350 mg blomed wet weight) from an

appropriate reference  site, (e.g., in the vicinity of the weir downstream from WCK 6.8). Place
the snails in a bucker containing the reference stream water, Measure the temperanure of the

=3

In the laboratory, set the emperature of a water bath to the lemperature of the reference site,
Place the bucker with the snails into the water bath. Also, place asmall glass aquarium inrg
the water bath and fill 3/4 ful] with contral water. Allow the water 1o ¢quilibrate to the set
temperature,

L% ]

Record on the Daily Test Information Logsheet the type of treatment and the tvpe of conmol
water used in the experiment.

4, Pre-rinse the fresh green leaf lettuce with distilled water. Place the snaiis from the bucket into
the aquarium and add one or two leaves of the lettuce. Use ceramic tiles or one or two rocks
to hold the letruce on the bottom, thus making it accessible to the snails.

5. Acclimate the snails 10 25 = 7 o by adjusting the temperature of the water 2°C per day:
adjust the temperature 1°C in the momning and 1°C in the evening,

6. Each mormning during the acclimarion period. prepare another small aguarium containing fresh
control water and zilow it's to equilibrate to the present water temperature. Then transfer the
snails from the aguarium with the old water mnto the aguarium containing fresh control water.
Add fresh lettuce as described above.

|

Before starting 2 fesding test, paste a Daily Test Information Sheet for each  beaker into_ a
registered logbook: (An example of the Daily Test Information Logsheer and whar 10 record on

it is provided in this SOP),

L Record identification information from water baths, balances, thermomerers, and any other
electroriic equipment to be used on the Static-Renewa] F eeding Test—Equipment Data sheet.
Record who calibrated the instruments, and the frequency or instrument calibration.

9. Label a medium jar with "lettuce soakin g in water", the date and vour initials. Add about 500
mL of control water used for the test to this jar.

10. On the moming when the test is to be started. cut out three lettuce discs per beaker {plus several
extra). For this. use a 214 cork hole puncher and a piece of cardboard 1o protect the counter
top surface. Cut the discs from near the outer edge of the leaf to create homogeneous discs.
Hold lettuce dise with a pair of forceps, and staple it twice, distributing the staples evenly. The
staples add enough weight so that the disks will not float. Repeat this step for all dises. Place
the stapled lettuce discs into the Jar with control water, label the jar, and place the jar in a
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refrigerator for 2-3 hours to allow the dises to hydrage.

Line a large plastic tray with plastic-lined lab paper. Mark the paper in 2 grid usine a
permanent-ink marker to keep track of lettuce dises for each treatment (sse Fig, ).

Fig.1

Treatment | Treatment 2 Treatment 3

Replicate |

-3

Eeplicare

ek

Replicate

Obtain one 500-mL beaker for each replicate; rinse the beaker with dejonized

distilled water. Label each beaker with the type of treatment and replicate number using a
permanent ink marker. Color labels can be used as an aid in identifying the various treatments.
Add 250 mL of the appropriate control water to each beaker and place the beakers in a 25=2°C
water bath with an overhead photolight (16:8 light:dark).

About 1 h before starting the test, moisten the plastic-lined paper in the plastic Tay

with control water w prevent desiccation of the letuce discs, Remove the lettuce discs

from the refrigerator.  Fold several paper towels in half and place three (on top of each
other) next 1o the balance.

Before weighing the lettuce discs, first check the balance level: then check balance zero; then
verify the accuracy of the balance by use of a 200 or 500-mg standard weight. Record the
weight on the Dailv Test Information Logsheet. Place & piece of weighing paper on the balance
and zero.

Remove three lettuce discs. with forceps, from the jar and place them upon the paper towels.
In a consistent manner, biot the lettuce discs 3 to 4 times with paper towels to remove excess
water. Using forceps. place the three lettuce discs (and their attendant swaples) on the balance
and record the weight on the Daily Test Information Logsheet for a specific reatment and
replicate. Remove the lettuce discs from the balance and place them into the plastic tray on the
corresponding square for that treatment and replicate. Replace the weighing paper and re-zero
the balance afier each measurement.

Check the water temperature in the test bezkers. I the temperature has squilibrated with the
water bath temperature. measure and record the temmperature for the water bath and each beaker

on the Daily Test Information Logsheer. Adjust the waterbath temperaturs if nesded.

Place 12 snails in sach beaker, then add the appropriate set of three weighed lettuce discs.
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Place a piece of mesh over the top of the beaker and secure the mesh using a rubber
band. Place the beaker back into the water bath.

The following day, prepare new lettuce discs as described in steps 11-14, Alsp. prepare
fresh treatment water by pouring water into clean labeled 1000-mL containers (e.z., Erlenmever
flasks) and placing them into the water bath.

24, 48, and 72 h after starting the test, record the temperature of the water bath on the Daily
Test Information Logsheet.

For each replicate, remove uneaten lettuce (and staples!) and place these jtems in the
appropriate square on the piastic tray. Be sure to recover even small pieces of lettuce that may
have become detached from the original discs. Holding the mesh over the beaker. gently swirl
the water remaining in the beaker 1q suspend particulate matter, and pour out the old warer from
each beaker. Add fresh treatment water and fresh stapled lemuce discs. Place the mesh over
the beaker and return it to the water bath,

Weigh each group of thre= old lemuce discs (and then staples) using the procedure described
in step |4, Record the weights on the appropriate Daily Test Information Logsheets,

Repeat steps 17-20 at 48-h and repeat steps [8-20 at 72-h.

Enter weight data into a computer spreadshest (i.e., Lotus 1-2-3) and calculate the amount of
lemtuce eaten for each day (i.e., the differenice berween the lettuce weight before and after 24-h),

Differences in the feeding rates ameng the treatments can be analyzed using SAS-GLM
with a repeated-measure subrourine (SAS 1985 ab).
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